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It  seems  that  it  was  Leeuwenhoek  who  first  mentioned  represen¬ 
tations  of  spermatozoa.  This  is  evidenced  by  words  contained  in 
his  letter  to  the  Royal  Society  of  London,  of  June  9,  1699,  con¬ 
cerning  the  animalculi  in  human  seed.  Here  he  wrote  that  “  .  .  ,  a 
certain  Dr.  of  Physick  did  Accommodate  me  with  a  Book  called 
Novelles  dc  la  Rcpublique  des  Lettres,  and  shewing  me  on  the  552 
pay.  an  Extract  in  Latin,  of  a  Letter  Written  by  Mr.  Dalen  Patiiis 
to  the  Writer  of  the  Noi'clles,  wherein  the  Author  of  the  Letter 
amongst  the  rest  says  thus.”  (Phil.  Trans.  21  ;  301)  After  giving 
a  summary  of  this  author’s  views,  Leeuwenhoek  commented  upon 
them,  saying  among  other  things. 

“  I  have  discovered  the  Saline  parts,  and  the  shape  of  the  Ani- 
malcida  in  the  Masculine  Seed,  and  sent  the  same  to  you  in  the 
Year,  1677.  Which  also  are  come  out  in  Print  in  your  Philosophical 
Transactions,  Numb.  142,  fol.  1042.  But  that  one  should  find  such 
a  perfect  Human  shape,  as  I  have  sent  herewith,  which  I  got  Drawn 
after  the  Figure  out  of  the  said  Novelles,  Marked  with  3  and  4;  I 
am  certainly  perswaded  you  will  not  allow  of  it.”  (Ibid.,  p.  303) 

These  words  very  clearly  imply  that  Leeuwenhoek  himself  saw 
the  reproductions  of  his  drawings  in  the  Philosophical  Transactions. 
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Yet  the  copies  available  to  me  contain  only  the  illustration  of  sikt- 
niine  crystals.  Since  according  to  Cole  (’30),  the  holograph  copy 
of  Leeuwenhoek’s  letter  is  not  known  to  exist.  I  see  no  way  of 
finally  resolving  this  difficulty. 

The  letter  of  the  year  1677  referred  to  by  Leeuwenhoek  in  the 
al)ove  quotation,  unfortunately  was  not  published  at  the  time.  How¬ 
ever,  he  may  have  thought  so  for  in  a  letter  of  December  17,  1698, 
to  “  Harm :  van  Zoellen.”  he  wrote : 

“  Furthermore  I  must  tell  you  gentlemen  that  the  Royal  society 
of  London  has  had  these  discoveries  printed  in  its  Transactions, 
which  it  has  published  from  time  to  time,  in  the  Transaction  No. 
142,  of  the  month  of  December  1677  and  Jan. -Feb.  1678,  begin¬ 
ning  on  page  no.  1040,  where  it  is  stated  thus:  .  .  .” 


Fig.  .\. 


As  a  matter  of  fact,  the  number  referred  to  l>ears  the  printer’s 
date  1679  at  the  end  and  very  evidently  did  not  apjjear  till  then, 
together  with  another  letter  of  his  of  March  18,  1678,  accompanied 
by  illustrations  of  the  spermatozoon  of  the  dog  and  rabbit,  and  a 
third  letter  of  May  31,  1678,  accompanied  by  a  sketch  of  “  vessels 
in  the  genital  semen.”  The  “  Saline  parts  ”  sjKiken  of  in  the  first 
letter  were  spermine  crystals,  the  representations  of  which  are  re¬ 
produced  in  figure  A.*  I  have  been  unable  to  find  the  reproduction 
of  the  drawing  of  the  siHjrmatozoon  of  man  which  apparently  was 
sent  with  this  letter,  as  is  implied  by  the  words,  ”  I  have  discovered 
.  .  .  the  shape  of  the  Animalcula  in  the  Masculine  Seed,  and  sent 
the  same  to  you  in  the  Year,  1677.”  The  first  published  illustra¬ 
tions  of  mammalian  spermatozoa  hence  were  those  of  the  dog  and 
rabbit,  which  accompanied  Leeuwenhoek’s  letter  of  March  18,  1678, 
written  to  Nehemiah  Grew,  Secretary  to  the  Royal  Society  of  Lon- 

♦Reproductions  accompanying  this  paper  have  been  designated  by  letters  in  order 
to  avoid  confusion  with  the  numbered  figpires  referred  to  by  Leeuwenhoek  and 
others. 
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don,  and  which  were  published  in  the  Philosophical  Transactions  in 
1679.  These  are  shown  here  in  figure  B  and  comprise  eight  figures, 
the  legends  to  which  may  be  translated  to  read  as  follows : 

“  I  have  transmitted  some  delineations  of  the  animalia.  Figure  1 
shows  one  living  (in  the  semen  of  rabbits,  I  think),  and  of  that 
shaiH?  in  which  it  was  seen  when  it  stretched  toward  me  as  I  looked. 


cut  St 


.\BC  indicate  the  little  head  and  the  trunk;  CD  indicate  its  tail, 
which  it  shakes  while  swimming,  just  as  the  Anguilla  does  hers.  A 
thousand  thousand  of  these,  as  far  as  one  can  conjecture,  scarcely 
exceed  the  mass  of  a  large  grain  of  fine  sand.  Figures  2,  3,  4  are 
animalia  of  the  same  kind,  but  already  dead. 

“  Figure  5  delineates  a  living  animalcule  as  it  apjx;ared  in  the 
semen  of  a  dog  when  I  examined  somewhat  attentively.  EFG  show 
the  head  and  trunk;  GH  the  tail  of  the  same.  Figures  6,  7,  8  are 
others  in  the  semen  of  a  dog,  which  are  deprived  of  motion  and 
life.  I  saw  so  great  a  number  of  these,  and  also  of  living  ones,  that 
I  should  judge  that  a  collection  of  these,  answering  to  a  middle- 
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size  grain  of  fine  sand,  would  contain  at  the  least  ten  thousand.” 
(Phil.  Trans.  12:1044) 

In  both  the  Dutch  and  Latin  editions  of  Leeuwenhoek’s  works 
available  to  me  (1702  and  1719  resj^ectively ) ,  this  letter  of  March 
18,  1678,  is  accompanied  by  three  illustrations,  which,  however,  do 
not  answer  to  the  legends  found  in  the  letter  itself.  In  the  Dutch 
edition  these  legends  read  as  follows: 

”  I  have,  at  your  request  as  well  as  jwssible  observed  anew  the 
human  seed.  Figure  1  is  an  animal  which  when  it  lives  and  moves, 
often  looks  like  this  when  it  comes  swinging  towards  me  head  for- 


Fig.  C. 


ward  and  the  front  of  its  body  towards  me.  Figures  2,  3  and  4  out 
of  the  same  animals  or  creatures  lying  dead.  Figure  5  is  a  creature 
from  the  seed  of  a  little  dog.  Many  others  look  like  these.” 

In  one  of  the  three  figures  (see  figure  C)  which  in  Leeuwen¬ 
hoek’s  works  were  substituted  for  these  eight  in  figure  B,  a  human 
spermatozoon  having  a  trident  tail  is  represented.  The  other  two 
are  of  homunculi  of  slightly  different  size,  with  scalps  drawn  up¬ 
ward  at  considerable  length.  Although  Dalenpatius  or  Plantade,  the 
creator  of  these  figures,  stated  that  “  It  was  impossible  to  distin¬ 
guish  sexual  characters  on  account  of  the  small  size,”  even  when 
“  it  ”  (they)  had  “  sloughed  off  the  skin  in  which  it  had  been 
enclosed,”  (Cole,  p.  69),  the  difference  in  size  between  the  two 
homunculi  may  nevertheless  have  been  intended  to  suggest  the 
existence  of  sexual  differences  in  the  spermatozoa.  Although  the 
extended  scalps  in  these  figures  may  have  been  intended  to  repre¬ 
sent  the  transformed  tails  of  sjiermatozoa  there  is  nothing  at  all 
in  the  text  to  indicate  this.  That  these  illustrations  really  do  not 
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belong  with  the  above  letter  of  Leeuwenhoek  is  now  known  and  is 
indicated  by  the  legends  themselves. 

In  regard  to  the  figures  3  and  4  of  figure  C,  which  were  mis¬ 
takenly  credited  to  Leeuwenhoek  by  inclusion  in  his  collected  works, 
the  latter  quoted  “  Dalen  Patius,”  in  1699,  as  having  said : 

“  How  should  we  have  believed,  that  in  them,  a  Human  Body 
was  Lockt  up,  &c.  Yet  notwithstanding  w’e  have  seen  it  with  our 
own  Eyes:  For  when  we  did  Contemplate  every  thing  with  great 
Curiosity,  one  did  ap|)ear  that  was  somewhat  bigger,  &c.  that  had 
pull’d  of  the  Skin,  wherein  it  was  Locked  up. 

“  This  showed  clearly  the  two  naked  Thighs,  the  Legs,  the 
Breast,  &c.  Both  the  Arms,  &c.  the  Skin  l>eing  pulled  up  somewhat 
higher,  did  cover  the  Head  like  a  Cap. 

“  We  could  not  discern  the  difference  of  Sex,  &c.  and  at  the 
same  time  it  pulled  of  it’s  Skin  it  died.”  (Phil.  Trans.  21 :  301-302) 

These  words  indicate  clearly  that  figures  3  and  4  of  figure  C  are 
those  to  which  these  words  of  “  Dalen  Patius  ”  refer  and  that 
figures  2,  3,  and  4  (figure  C),  although  bound  in  the  works  of 
Leeuwenhoek,  undoubtedly  are  not  his.  Moreover,  since  Dalenpa- 
tius  was  only  eight  years  old  at  the  time  Leeuwenhoek’s  letter  of 
March  18,  1678,  was  written,  it  is  clear  that  these  drawings  could 
not  have  been  made  by  him  by  that  year  and  hence  could  not  have 
accompanied  that  letter. 

.According  to  Cole,  figures  3  and  4  referred  to  by  Leeuwenhoek 
in  his  letter  of  June  9,  1699,  apjieared  in  the  Philosophical  Trans¬ 
actions  of  August,  1699,  but  they  are  not  contained  in  the  copy  of 
the  Transactions  available  to  me.  Their  inclusion,  accompanied  by 
a  figure  2,  with  Leeuwenhoek’s  earlier  letter,  in  his  works  in  both 
Dutch  and  Latin,  gave  the  impression  that  they  were  his  own. 
Since  as  Cole  says,  “  Even  the  scholarly  Miall  fell  into  this  trap,” 
and  Locy,  whose  two  volumes  on  the  history  of  biology  are  well 
known,  likewise  did  so,  much  unmerited  ridicule  has  come  to 
Leeuwenhoek.  In  his  article  on  “  Von  Baer  and  the  Rise  of  Em¬ 
bryology,”  Locy  (’05)  reprinted  these  illustrations  of  Plantade  as 
figure  5  with  the  legend :  “  Sketches  illustrating  pre-delineation  of 
the  embryo  within  the  sperm.  From  an  old  edition  of  Leeuw'en- 
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hoek’s  works.”  Locy  called  it  “  one  of  the  atriosities  of  this 
I)eriod.”  and  accepted  the  illustrations  as  those  of  Leeuwenhoek 
himself — ”  in  which  he  undertakes  to  represent  predelineation  of 
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Fig.  IS.  Figures  of  the  crystaUi  of  spermine  phosphate 
ami  «»f  homunculi  in  the  male  human  semen,  after 
I>alenpatius  (From  C<»le). 

Fig.  D. 

both  sexes  within  the  sperm.”  (p.  108)  Since  Leeuwenhoek  was 
an  outspoken  op|K)nent  of  preformation,  these  words  did  him  further 
injustice. 

The  complete  set  of  four  figures  from  Dalenpatius,  accompanied 
by  the  original  legends,  were  reproduced  by  Cole  (see  figure  D). 
who  considered  other  germane  matters  more  fully. 


i 


discovery  and  earliest  representations  of  spermatozoa  95 

Leeuwenhoek’s  failure  to  comment  on  figure  2  of  this  series,  in 
his  letter  of  June  9,  1699,  is  very  puzzlings  It  cannot  be  explained 
by  the  fact  that  he  himself  later  included  an  almost  identical  illus¬ 
tration  as  figure  7^  (see  figure  E)  and  an  outline  constituting 
figure  1,  said  to  be  of  a  human  spermatozoon,  “after  a  certain 
Gentleman,”  evidently  Hartsoeker.  These  representations  appeared 
in  a  letter*  of  Leeuwenhoek’s  in  the  Philosophical  Transactions  for 


T 


Fig.  E. 

January,  1701.  Here  he  reported  “  .  .  .  further  observations  on 
the  animalcula  in  Semine  Masculino  ”  and  commented  on  all  seven 
figures  which  accompanied  this  letter,  saying  in  connection  with 
figure  7  that. 

"  Hy  Fig.  7  A  BCD  the  aforesaid  Author  [from  whom  figure 
1  was  taken]  describes  the  Worms  of  his  observing,  of  which 
ABC  is  the  Bcxly,  which  must  needs  appear  so  long,  if  one  uses 
such  a  sort  of  a  Glass  bubble  as  he  says  he  did,  and  when  the  Rays 

*  Since  figure  7,  evidently  after  Hartsoeker,  according  to  Leeuwenhoek,  is  almost 
identical  with  figure  2  of  Dalenpatius,  it  is  fair  to  assume.  I  think,  that  the  former 
also  was  intended  as  a  representation  of  a  human  spermatozoon. 

’In  the  Dutch  edition  the  date  of  this  letter  is  given  as  December  25,  1700,  and 
in  the  Latin  edition  the  date  reads  “  Octavo  Kalendas  Januarias  .\nni  1701,”  which 
evidently  confirms  the  former  date  in  different  words. 
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of  Sight  of  his  Glass  fall  upon  the  upper  part  of  the  Body;  but  if 
he  will  look  deeper  intp  it ;  the  Body  will  ap])ear  much  Broader. 

“  As  for  the  Tail  of  his  Worm,  how  can  the  All-perfect  Being 
Create  such  a  thing  as  the  end  of  that  Tail  D  appears;  and  if  it 
were  so  shaped,  it  would  be  impossible  for  the  Worm  to  move  so 
nimbly  in  such  a  slimy  matter,  neither  could  they  strike  it  out,  as 
they  always  do  in  swimming.  .  .  . 

“  I  have  lookt  thro  hundreds  of  Microscoi)es.  and  some  of  them 
so  fine  that  I  could  use  them  by  day  light,  tho  the  weather  were 
cloudy,  but  I  could  never  spy  any  such  Tail  as  is  described  by  Fig. 
7.  D,  but  on  the  contrary,  of  millions  and  millions  that  I  have  seen 
my  self  and  shewn  to  others,  it  has  often  hapi)en’d  that  the  ends 


Al>b.  A7.  Rrifrr  Samrafadeii  aus  <lnii  Ejaculat  eiiiea  ST  jShricen  Mannea.  Fixiert  in 
.''iililiniat-Kormalin,  Himatoxylin-HEiDEXHAix ;  VerariNweruna  3000  farh. 


Fig.  F. 

of  their  Tails  were  so  small  that  they  escaped  our  sight.”  (Phil. 
Trans.  22:  743-744) 

Even  when  regarded  in  the  light  of  our  highest  magnification, 
these  words  show  what  an  accurate  observer  Leeuwenhoek  really 
was  (see  figure  F). 

Regarding  figure  1  which  accompanied  Leeuwenhoek’s  letter  of 
1701,  he  wrote: 

”  Fig.  1.  A  B  C  represents  the  Worm  as  he  drew  it,  A  B  shews 
the  Body,  and  A  C  the  Tail.  As  for  my  part,  I  can’t  conceive  that 
there  is  any  such  Creature  in  the  world ;  for  such  a  Creature  is  con¬ 
trary  to  that  Perfection  which  we  observe  in  all  Creatures;  for 
allowing  that  these  Worms  in  the  Male  Seed  are  shaped  for  Swim¬ 
ming,  as  we  always  observe,  such  a  shape  as  is  now  delineated  is 
exceeding  improi)er  for  that  use,  because  the  very  tip  of  the  Tail 
at  C  is  thicker  than  A.  and  that  the  further  part  of  it  is  of  an  equal 
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Thickness,  whereas  we  find  in  all  Creatures,  and  especially  in  those 
that  use  the  Water,  and  are  provided  with  Tails,  that  their  Tails 
arc  always  very  sharp  or  pointed  at  the  end,  to  the  intent  that  the 
Water  after  the  more  convenient  manner  may  fill  the  place  which 
they  leave  in  moving. 

“  Now  the  Tails  of  these  Worms  are  thickest  next  their  Bodies, 
and  proportionably  grow  less  and  less,  till  at  last  the  very  end  of 
all,  if  the  matter  in  which  they  swim  be  thicker  than  ordinary, 
escapes  the  sight,  agreeing,  as  to  their  Tails  with  all  sorts  of  Fishes, 
and  the  same  is  in  Land  .\nimals,  whose  Tails  are  proportion’d  to 
their  Bigness,  and  always  grows  less  towards  the  end.”  (Phil. 
Trans.  22:  741-742) 

In  connection  with  the  authorship  of  these  figures  1  and  7  repro¬ 
duced  by  Leeuwenhoek,  he  referred  in  his  letter  of  January, 
1701,  to, 

“  .  .  .  a  certain  Gentleman,  who  glories  that  he  was  the  first 
that  ever  discover’d  these  Creatures,  by  the  help  of  a  Microscope; 
but  herein  he  is  much  mistaken,  for  whereas  he  owns  that  his  first 
Discovery  was  in  the  year  1678,  I  did  not  only  give  the  Royal 
Society  an  account  of  the  same,  by  my  Letter  of  Novcmb.  1677,  but 
even  3  or  4  years  lie  fore,  at  the  request  of  Mr  Oldenburg,  I  had 
made  an  enquiry  into  those  matters.  Now  I  am  speaking  of  this 
same  Author,  it  may  not  be  improper  to  send  you  a  Draught  of 
the  Worm  in  the  Male  Seed,  just  so  as  he  represents  it;  whereby 
you  may  judge  that  either  his  Microscopes  are  not  fine  enough  for 
these  uses,  or  that  he  himself  is  not  sufficiently  qualify’d  to  make 
such  exact  and  minute  observations.”  (Ibid.,  p.  741) 

Since  a  figure  identical  with  figure  1  published  by  Leeuwenhoek, 
appeared  in  Hartsoeker’s  ”  Essay  de  Dioptrique  ”  in  1694  and  by 
implication  of  the  text  appeared  there  for  the  first  time,  it  follows 
that  figures  1  and  7  accompanying  Leeuwenhoek’s  letter  of  1701 
must  both  have  been  reproduced  after  Hartsoeker,  for  Leeuwen¬ 
hoek  attributed  them  to  the  same  person.  It  is  hence  possible  that 
Hartsoeker  was  the  first  to  have  an  illustration  said  to  represent  a 
human  spermatozoon  appear  in  print,  for  to  the  best  of  my  knowl¬ 
edge,  the  illustration  of  a  human  spermatozoon  which  Leeuwenhoek 
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said  accomiMinied  his  letter  of  November,  1677,  to  the  Royal  Society 
of  London,  remained  unpublished.  In  any  case  this  unpublished 
figure  seems  to  be  the  first  recorded  as  having  l)een  made  of  a 
human  spermatozoon;  and  Hartsoeker’s  outline,  which  is  identical 
with  figure  1  of  Leeuwenhoek,  and  the  accompanying  homuncular 


Fig.  G. 


figure  (reproduced  here  as  figure  G),  Ixjth  of  which  appeared  in 
Hartsoeker’s  “  Essay  de  Dioptrique  ”  of  1694,  seem  to  be  the  first 
extant  illustrations  of  the  human  spermatozoon.  Hartsoeker  is 
known  almost  exclusively  by  the  latter,  which  has  lieen  reproduced 
even  in  elementary  textbooks  of  embryology,  to  the  complete  exclu¬ 
sion  of  figure  1,  said  by  Hartsoeker  to  represent  the  human  and 
quadruped  spermatozoon,  and  of  the  drawing  of  a  human  sper¬ 
matozoon  with  a  trident  tail  attributed  to  him  by  Leeuwenhoek.  It 
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is  extremely  interesting  that  Leeuwenhoek  did  not  reproduce  the 
honuincular  figure  used  ever  since  to  discredit  Hartsoeker,  in  place 
of  the  figure  1,  in  his  letter  to  the  Royal  ScKiety  of  1701.  While 
the  latter  figure  appeared  in  Hartsoeker’s  “  Essay  ”  of  1694,  figure 
7  may  have  apiK*ared  after  Hartsoeker  had  abandoned  his  view  of 
pre-delineation,  which  must  have  lieen  subsecjuent  to  the  “  Essay  ”  of 
1694,  for  in  this  he  still  regarded  predelineation  in  its  extremest 
form,  as  |)ossible.  However,  Leeuwenhoek  probably  did  not  feel 
justified  in  further  publicising  the  homuncular  representation  be¬ 
cause  Hartsoeker  did  not  say  that  he  had  seen  such  a  thing.  In  his 
“  Essay  de  Dioptrique.”  the  latter  said  that  he  believed  that  the 
little  animal  (the  sj)ermatozcx)n)  attaches  itself  to  the  assumed 
“  ”  by  its  tail,  which  he  lx;lieved  contains  the  umbilical  vessels, 

and  that  if  one  could  see  the  little  animal  through  the  skin  which 
encloses  it,  one  might  be  able  to  see  it  as  represented  in  the  figure 
(G),  except  that  the  head  should  jierhaps  lx;  relatively  larger  than 
represented. — It  is  evident  that  he  used  the  words  “  i)etit  animal  ” 
10  designate  both  the  spermatozoon  and  the  imaginary  homunculus 
within  it. 

.Although  Hartsoeker  said  that  it  would  take  several  volumes  to 
report  all  of  his  microscopial  observations  and  added  that  he  desired 
especially  to  report  those  on  the  louse,  he  had  but  little  to  say  about 
human  spermatozoa.  He  stated  that  they  could  survive  several 
hours’  exposure  to  the  greatest  cold  of  winter  but  were  killed 
quickly  by  a  drop  of  brandy  or  other  strong  liquor.  He  further 
thought  that  spermatozoa  are  stored  in  the  seminal  vesicles  and  that 
the  “  animals  ”  are  thrown  from  the  testicles  or  ovaries  into  the 
uterus.  His  entire  discussion  of  generation  comprises  only  the  last 
six  of  233  quarto  pages  of  his  long  essay  and  gives  the  impression 
that  it  merely  was  appended.  His  words  do  not  seem-  to  be  based 
upon  adequate  observation  and  the  two  drawings  which  accompany 
them  are  far  less  acceptable  than  the  rough  sketches  in  his  letters 
of  1678. 

Hartsoeker’s  letters  of  March  14  and  25,  1678,  to  Christiaan 
Huygens,  also  contain  sketches  of  spermatozoa,  but  according  to 
Cole,  these  did  not  appear  in  print  till  1899,  221  years  later.  More¬ 
over,  they  were  not  said  to  be  of  man  and  in  any  case  were  ante- 
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dated  by  Leeuwenhoek’s  representations  of  s|)ermatozoa  of  the  dog 
and  rabbit  which  accompanied  his  letter  of  March  18,  1678,  and 
appeared  in  the  Philosophical  Transactions  in  1679. 

In  connection  with  figure  H(a),  a  reproduction  of  the  sketch  in 
Hartsoeker’s  letter  to  Huygens  of  March  14,  1678,  the  former 
wrote ; 

“  Instead  of  seeing  the  little  animals  with  the  aid  of  a  candle, 
where  they  do  not  show  up  as  shadows,  I  see  them  now  against  the 
clear,  blue  sky,  in  such  a  manner,  that  I  put  a  one  or  one  and  a  half 
foot  long  tube  which  has  been  blackened  on  the  inside,  before  the 
object;  without  this  I  would  not  be  able  to  see  everything,  and  in 


<o -  a 

Fig.  H. 


this  way  they  show  up  brightly  and  clearly  and  are  of  approximately 
the  following  form ; 

“  W’hen  I  look  against  the  sun.  innumerable  more  little  animals 
api)ear  (in  one  place  more  than  in  another)  and  they  seem  to  be 
100,  200  or  300  times  smaller  in  size  than  the  others,  and  I  believe 
they  are  of  quite  a  different  nature.  I  have  tried  again  the  micro¬ 
scope  with  two  lenses,  but  have  not  had  much  success,  for  things 
are  not  showing  up  clearly,  although  very  large;  this  may  be  the 
fault  of  my  lenses.”  (p.  60) 

Hartsoeker  commented  somewhat  more  fully  upon  his  method 
of  procedure  in  connection  with  the  sketch  (figure  H(b))  in  the 
letter  of  March  25,  saying: 

“  Dear  Sir, — 

“  Herewith  the  instruments,  which  have  not  reached  you  before 
because  of  the  slowness  of  the  maker.  I  do  not  doubt  that  you 
will  find  them  a  great  help.  The  copper  pieces  can  be  set  together 
with  the  aid  of  the  two  little  screws  which  pierce  the  wood.  One 
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can  l)e  used  with  a  tube,  and  alongside  the  four  copper  threads  of 
the  other  a  glass  can  be  moved  up  and  down;  a  polished  one  to  be 
used  with  the  candle,  and  an  unpolished  one  to  be  used  against  the 
sunlight,  which  last  I  tried  out  and  found  to  be  reasonable.  In 
between  the  two  wide  grooves  one  can  slide  the  flat  pieces  of  glass, 
between  which  you  wish  to  place  the  moistness.  The  wool  around 
the  hole  is  to  make  it  easier  to  hold  on  to  the  pieces  of  glass.  The 
more  I  observe  the  little  animals  in  the  semen,  the  more  I  come  to 
the  conclusion  that  it  is  impossible  to  describe  their  shape  accu¬ 
rately.  According  to  how  they  turn,  do  I  see  them  round,  oblong, 
etc.  But  I  believe  I  see  them  with  a  small,  protruding  beak,  a  flat 
back,  round  belly,  and  a  tail  which  is  ten  or  twelve  times  longer 
than  their  bodies,  almost  like  a  water-vole  as  drawn  here : 

“  The  little  bulbs  that  seem  to  l)e  on  some  of  their  tails,  seem  to 
come  when  they  coil  up.  As  far  as  the  little  animals  are  concerned 
of  which  I  wrote  to  you  that  I  had  seen  them  2  or  300  times 
smaller  and  only  against  the  sun.  I  must  say  that  their  transparency 
had  deceived  me,  while  the  bodies  of  the  dying  ones  show  nothing 
else  than  many  little  dots,  which  do  not  seem  to  belong  to  the  others 
on  account  of  the  transparency  which  comes  between,  and  which 
move  this  way  and  that  with  the  smallest  movement.  This  un¬ 
doubtedly  is  the  same  as  what  Leeuwenhoek  describes  as  the  prin- 
cipia  vasorum,  for  they  show  up  then  in  this  manner: 

“  I  cannot  find  any  difference  l)etween  the  semen  of  a  human 
lx;ing  and  that  of  a  dog;  only  one  could  say  that  that  of  a  dog 
seems  to  be  more  oblong.  In  the  semen  of  a  dog  which  I  showed 
you,  I  found  life  still  the  evening  of  the  next  day.  Tomorrow  or 
the  day  after  I  hope  to  be  able  to  see  the  semen  of  a  horse  and  a 
bull;  if  I  can  be  of  service  to  you  with  these  findings,  I  shall  copy 
this  for  you  and  I  remain  meanwhile. 

Your  humble  servant, 

Nicholaes  Hartsoeker.”  (pp.  62-63) 

It  is  significant  that  although  he  said  that  the  tail  of  the  sper¬ 
matozoon  was  ten  to  twelve  times  as  long  as  the  body,  Hartsoeker 
nevertheless  imagined  the  entire  form  of  the  spermatozoon  to  look 
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like  the  water-vole,  an  animal  similar  to  a  short-tailed  mouse,  a 
comparison  that  recalls  his  fanciful  conception  of  1694  and  which 
is  in  striking  contradiction  to  the  sketch  which  accompanied  his 
words.  One  cannot  expect  Hartsoeker  to  have  indicated  the  struc¬ 


ture  of  the  spermatozoon  as  Cole  implied,  but  from  the  evidence  in 
Hartsoeker’s  letters  of  March  14  and  25,  1678,  I  doubt  whether  he 
had  seen  spermatozoa  at  all  distinctly  up  to  that  time.  His  words 
are  too  vague  and  unconvincing  and  do  not  harmonize  with  his 
crude  sketches.  However,  he  usually  is  accorded  more  credit  by  the 
French.  Prevost  and  Dumas  (1821),  for  example,  declared  in  1677 
that  the  spermatic  animalcules  were  recognized. 
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“  .  .  ,  by  Ham  and  Leeuwenhoek  on  the  one  hand  and  by  Hart- 
soeker  on  the  other,  without  its  being  jxissible  to  establish  priority 
between  them  in  a  very  precise  manner.  The  two  last  described  the 
animalcules  which  were  offered  to  them  by  the  semen  of  various 
animals  and  established  the  notable  enough  differences  between  them. 
But  the  hyixithetical  ideas  put  forward  by  Leeuwenhoek  have  thrown 
a  great  deal  of  doubt  on  the  results  of  their  labors,  especially  since 
those  of  HaPer  have  demonstrated  the  preexistence  of  the  germ  in 
the  egg.”  (p.  183) 

The  Dutch  editors  of  the  ‘‘  Oeuvres  Completes  ”  of  Christiaan 
Huygens,  on  the  other  hand,  withheld  all  credit  regarding  priority 
from  Hartsoeker,  and  jierhaps  justly  so. 

That  Leeuwenhoek  did  not  regard  the  head  of  the  spermatozoon 
as  entirely  homogeneous  is  shown  by  figures  5  and  6  in  his  letter 
of  July  13,  1685.  Similar  differences  in  structure  were  indicated 
much  later  in  the  heads  of  s|)ermatozoa  of  the  bear,  by  Valentin 
(1837),  but  these  details  did  not  approach  known  normal  struc¬ 
tures.  This  in  fact  is  true  even  of  the  figures  made  by  Roujou 
(1878)  two  hundred  years  after  Hartsoeker.  These  show  nothing 
approaching  the  known  normal  internal  structure  of  spermatozoa 
except  the  vacuole.  For  purposes  of  comparison,  one  of  Roujou’s 
figures  is  reproduced  here  (figure  I),  together  with  a  scheme  rep¬ 
resenting  modern  ideas  (figure  J),  after  Stieve  (’30),  from  M61- 
lendorff’s  Handbuch. 

•Xccording  to  Punnett  (’28), 

“  h'ridericus  Schrader  states  that  sjiermatozoa  were  first  detected 
by  Ham  in  the  semen  of  Gallus.  ‘  Primus,  quod  sciam,  in  Batavia 
in  Semine  galli  id  detexit  curiosissimus  \^ir  Dn.  D.  Ham,*  amicus 

*  Very  little  is  known  regarding  Johan  Ham  van  .\rnhem  but  there  no  longer  is 
any  doubt  regarding  his  identity.  He  was  born  in  1650-51,  was  registered  as  a 
student  of  philosophy  in  1671,  and  as  Halbertsma  (1862)  pointed  out,  was  spoken 
of  by  Leeuwenhoek  as  a  student  of  medicine  because  he  was  accompanied  by 
Craanen,  a  professor  of  medicine  under  whom  he  was  studying.  Halbertsma  sur¬ 
mised  that  Ham  took  his  doctorate  in  medicine  in  a  German  university.  He  was 
burgomaster  of  his  native  city  three  times,  Commissaris  in  1688,  and  later 
Extraordinaris  Envoye  of  his  illustrious  elector  at  a  salary  of  probably  6000 
Gulden  a  year. 
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mens  charissimus,  qui  inter  alia  mihi  retulit,  se  Semina  sterilium 
accurate  examinasse,  nec  tamen  vel  unicum  animalculum  in  iis  reiie- 
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riise.’  .  .  .  (See  Schurig’s  ‘  Spermatologia,’  Frankfort,  1720,  p. 
30)”  (p.  491) 

This  statement  is  contradicted,  however,  by  Leeuwenhoek’s  letter 
to  the  Royal  Society,  in  which  he  said : 
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On  the  second  occasion  when  this  Mr.  Ham  visited  me  [in 
August,  1677],  he  brought  with  him,  in  a  small  glass  phial,  the 
spontaneously  discharged  semen  of  a  man  who  had  lain  with  an 
unclean  woman  and  was  suffering  from  gonorrhoea;  saying  that, 
after  a  very  few  minutes  (when  the  matter  had  become  so  far  lique¬ 
fied  that  it  could  be  introduced  into  a  small  glass  tube)  he  had  seen 
living  animalcules  in  it  which  he  believed  to  have  arisen  by  some 
sort  of  putrefaction.”  (after  Cole,  p.  10) 

.Mthough  Leeuwenhoek  credited  Ham  with  the  discovery  of  the 
human  siiermatozoon,  there  can  lie  no  doubt  that  the  former  saw 
them  first,  for  in  his  letter  to  the  Royal  Society  of  London,  dated 
November,  1677,  he  wrote: 

“  I  remember  that  some  three  or  four  years  ago  I  examined 
seminal  fluid  at  the  request  of  the  late  Mr.  Oldenburg,  Secretary 
of  the  Royal  Society.  Looking  into  the  matter  I  find  that  he  wrote 
asking  me  to  do  so  from  London,  on  the  24th  of  April,  1674:  and 
among  other  things,  he  besought  me  also  to  examine  saliva,  chyle, 
sweat,  &c. :  but  at  that  time  I  took  the  animalcules  just  described 
for  globules.  Yet  as  I  felt  averse  from  making  further  inquiries, 
and  still  more  so  from  writing  about  them,  I  did  nothing  more  at 
that  time.”  (after  Cole,  p.  H) 

These  words  plainly  indicate  that  it  was  Leeuwenhoek  after  all 
and  not  Ham  who  was  the  first  to  see  human  spermatozoa.  It  is 
true  that  he  did  not  recognize  them  for  what  they  were  but  neither 
did  Ham  do  so,  although  the  latter  did  regard  them  as  living  beings. 
The  fact  that  Leeuwenhoek  took  the  animalcules  for  globules  prob¬ 
ably  is  due  to  inadequate  magnification,  to  unavoidable  difficulties 
of  observation,  or  to  improper  illumination,  and  it  does  not  seem 
just  that  he  should  therefore  lie  deprived  of  the  honor  that  jiertains 
to  their  discovery  merely  because  he  did  not  see  them  in  their  en¬ 
tirety.  It  is  extremely  unlikely  that  anyone  else,  or  Ham  himself, 
was  making  observations  ujion  spermatozoa  three  or  four  years  be¬ 
fore  1677.  Leeuwenhoek’s  reluctance  to  report  what  he  had  seen 
at  that  time  is  easy  to  understand.  He  was  averse  to  writing  about 
his  observations  on  human  semen  for  the  same  reason  that  Hart- 
soeker  says  he  used  the  word  “  saliva  ”  instead  of  semen  or  seed 
and  why  we  exclude  certain  medical  terms  from  the  radio  now. 
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Even  in  1800  H(X)le  felt  "...  that  there  are  interspersed  through¬ 
out  his  writings,  many  subjects  of  a  medical  and  chirurgical  nature, 
with  Dis(|uisitions  of  a  jxjculiar  kind,  which  to  many  Readers  might 
be  offensive.” 

Cole  said  that  Hartsoeker,  in  his  letter  of  March  25,  1678, 

“  ,  .  .  accuses  Leeuwenhoek  (quite  wrongly)  of  finding  vessels  in 
the  seminal  animalcules,”  (p.  4),  and  the  editors  of  Hartsoeker’s 
letters  to  Christiaan  Huygens  of  March  25,  1678,  said  that  Hart¬ 
soeker  stated  that  Leeuwenhoek  had  descril)ed  “  principia  vasorum  ” 
in  semen.  These  criticisms  seem  to  be  based  u|)on  Leeuwenhoek’s 
letter  of  November,  1677,  in  which  he  declared: 

”  I  have  already  many  times  observed  with  wonder  the  parts 
themselves  whereof  the  denser  substance  of  the  semen  is  mainly 
made  up.  They  consist  of  all  manner  of  great  and  small  vessels, 
so  various  and  so  numerous  that  I  misdoubt  me  not  that  they  be 
nerves,  arteries,  and  veins.  Nay,  I  have  indeed  observed  these  ves¬ 
sels  in  such  great  numliers,  that  I  believe  I  have  seen  more  in  a 
single  drop  of  semen  than  an  anatomist  would  meet  with  in  a  whole 
day’s  dissection  of  any  object.  And  when  I  saw  them,  I  felt  con¬ 
vinced  that,  in  no  full-grown  human  body,  are  there  any  vessels 
which  may  not  be  found  likewise  in  sound  semen.”  (after  Cole, 

p.  12) 

In  order  that  there  may  be  no  doubt  regarding  this  matter,  the 
Latin  version  of  Leeuwenhoek’s  words  which  appeared  in  the 
Philosophical  Transactions  are  here  given: 

“  Jam  quod  ad  partes  ipsas,  ex  quibus  crassam  seminis  materiam, 
quoad  majorem  sui  partem  consistere  saepius  cum  admiratione 
observavi,  ea  sunt  tarn  varia  ac  multa  omnis  generis  magna  ac  parva 
vasa,  ut  nullus  dubitem  ea  esse  nervos,  arterias  &  venas:  imo  in 
tanta  multitudine  haec  vasa  vidi,  ut  credam  me  in  unica  seminis 
gutta  plura  observasse,  quam  Anatomico  per  integrum  diem  sub- 
jectum  aliquod  secanti,  occurrunt.  Quibus  visis  firmiter  credebam 
nullo  in  corpore  humano,  jam  formato,  esse  vasa  quae  in  semine 
virili,  bene  constitute,  non  reperiantur.” 

In  commenting  on  these  observations,  the  editors  of  Hartsoeker’s 
letter  mentioned  above,  declared  that  “  Although  the  sense  l)e  the 
same,  one  cannot  find,  in  this  letter,  the  terms  ‘  principia  vasorum  ’ 
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which  Hartsoeker  employs  as  cited  after  Leeuwenhoek.  We  are 
ignorant  of  from  where  Hartsoeker  can  have  taken  them.”  (p.  63) 
Although  Leeuwenhoek,  who  knew  only  Dutch,  evidently  did  not 
use  the  expression  “  principia  vasorum,”  he  nevertheless  represented 
what  he  thought  were  vessels  as  shown  in  figure  K.  From  this  it  is 
evident  that  he  regarded  them  as  of  considerable  size,  and  since  he 
.said  that  they  were  contained  in  semen,  he  scarcely  could  have  failed 


Fig.  K. 

to  think  of  them  as  principal  vessels,  that  is,  first,  or  beginning 
vessels,  as  Hartsoeker’s  expression  plainly  implies.  Criticism  of 
Hartsoeker  on  this  ground  therefore  seems  unjustifiable  to  me.  It 
likewise  is  unjustified  to  regard  Leeuwenhoek  as  an  unreliable 
observer  because  of  this  serious  error,  which  he  apparently  soon 
recognized,  and  all  reference  to  the  matter  was  excluded  from  his 
collected  works.  Among  the  multitude  of  careful  observations  which 
he  made,  there  are  very  few  instances  of  this  kind  and  if  one  recalls 
the  state  of  science  in  his  day,  one  can  easily  adduce  many  reasons 
for  Ijelieving  that  the  sexual  jiroducts  must  contain  vessels  from 
the  very  beginning. 

Leeuwenhoek  recurred  to  the  topic  in  a  letter  of  March  18,  1678, 
to  the  Royal  Society,  when  he  wrote : 
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“  As  for  what  pertains  to  the  observation  in  the  denser  portion 
of  man’s  semen  of  vessels  [vasa]  which  may  be  seen,  an  observa¬ 
tion  repeated  afresh,  and  not  once  only,  I  seem  to  have  established 
it  to  my  own  satisfaction  at  least;  for  I  have  altogether  persuaded 
myself  that  the  veins  and  arteries  of  rabbit,  dog,  and  cat  have 
never  been  more  clearly  observed  by  the  most  skilled  anatomist  than 
the  vessels  in  man’s  semen  have  come  in  my  sight  with  the  aid  of 
a  magnifying-glass.”  (Phil.  Trans.  12:  1044,  translated  from  the 
Latin) 

He  apparently  continued  these  observations,  for  he  wrote  to  the 
Royal  Society  on  May  31,  1678: 

“  That  there  might  be  greater  agreement  concerning  the  exist¬ 
ence  of  vessels  in  the  genital  semen,  I  send  a  little  sketch  of  them 
(fig.  ABCDE)  [see  figure  K].  The  space  described  by  these  letters 
is  scarcely  larger  than  a  medium  sized  grain  of  sand.”  (Ibid., 
p.  1045) 

One  must  admit  that  these  words  sound  strange  coming  from  a 
man  who  represented  the  capillary  network  between  the  arteries  and 
the  veins  so  carefully,  not  long  thereafter  (in  1698),  and  it  is  not 
very  surprising  that  the  following  rather  confused  comments,  appar¬ 
ently  by  the  editor  of  the  Philosophical  Transactions,  were  printed 
with  the  above  letter  from  Leeuwenhoek : 

“  Concerning  the  vessels,  since  the  author  is  hesitant  because  of 
doubts  arising  from  his  anatomical  observations ;  some  of  which  he 
mentioned  before;  therefor  he  judges  that  the  following  ought  to 
be  recorded: 

“  .  .  .  What  seem  to  you  vessels  or  organic  and  tubular  parts, 
I  judge  to  be  in  fact  viscous  filaments  of  hardened  and  coagulated 
semen,  which  have  been  ejected  from  the  testicles.  But  why  vessels, 
if  the  eggs  supply  these  to  the  female?  And  if  the  eggs  of  hens, 
why  not  also  those  of  women?  And  yet,  you  say,  if  those  of  women, 
where  have  they  been  found?  In  the  ovaries.  How  unsuitable  it  is 
to  call  them  testicles  is  perhaps  clear  from  this,  that  while  they  are 
blood  vessels,  they  have  no  properties  peculiar  to  themselves.  On 
the  other  hand,  how  is  it  fitting  to  call  them  ovaries  ?  Since  they  are 
a  double  mixture  of  eggs,  or  of  vesicles  swollen  with  a  viscous 
lymph  like  the  albumen  of  the  egg.  They  adhere  to  each  other  so 
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firmly  because  they  are  seen  when  immature.  The  eggs  of  birds, 
for  example,  are  not  loosened  from  the  ovary  before  they  are  ma¬ 
ture  without  violent  rending.  Just  so  we  see  that  acorns  and  filberts 
when  still  small  are  held  fixed  firmly  to  their  calices  ;  yet  in  the 
summer  season  they  are  shaken  off  by  the  slightest  touch.  Further¬ 
more,  if  those  tiny  viscous  filices  (ferns)  which  you  oflFer  as  ves¬ 
sels,  were  in  fact  such,  they  would  be  as  absolutely  unsuited  for 
generation  as  they  would  be  superfluous.  For  they  would  become 
so  disordered  in  the  passage  from  the  male  into  the  female  (which 
the  figures  you  have  drawn  also  show)  that  nature  might  far  more 
easily  undertake  the  task  by  constructing  new  vessels  than  by  re¬ 
placing  these  vessels,  if  they  are  vessels,  in  a  regular  order  suited 
for  generation.  Finally,  the  observations  which  I  have  presented 
in  the  Transactions  most  recently  published  and  about  to  apixjar 
(Numbers  139  and  140),  the  one  on  the  fetus  found  not  in  the 
uterus  but  in  the  abdomen  of  the  mother,  and  the  other  on  the 
hydropic  testicle,  or  rather  ovary,  of  a  certain  woman,  will  perhaps 
clear  the  subject  from  every  doubt.”  {Ibid.,  pp.  1045-46,  translated 
from  the  Latin) 

REFERENCES. 

.Anonymous.  De  V’asis,  (luuniani  Auctor  dubiis  ex  Observationibus  Anato- 
niicis  oriundis,  (juaruni  antea  ex  parte  meminit,  inimoratur;  ideo 
sequentia  regerenda  judicavit.  Phil.  Trans.,  v.  12,  no.  142,  pp.  1045- 
46.  London,  1679. 

Cole,  F.  J.  Early  theories  of  sexual  generation.  Oxford,  1930. 

Halbertsma,  H.  J.  Johan  Ham  van  Arnhem.  De  Ontdekker  der  Spermato- 
zoiden.  Verslagen  en  Mededeelingen  der  Koninklijke  Akademie  van 
Wetenschappen.  Afdeeling  Natuurkunde.  Deel  13,  Jahrgang  1862, 
pp.  342-47,  Amsterdam,  1862. 

Hartsoeker,  Nicolas.  Essay  de  Dioptrique.  Paris  1694. 

Hartsoeker,  Nicolaas.  (Letter)  No.  2117,  a  Christiaan  Huygens,  14  Mars 
1678.  Oeuvres  completes  de  Christiaan  Huygens,  publiees  par  la 
Societe  Hollandaise  des  Sciences,  t.  8,  pp.  58-61,  La  Haye,  1899. 

- .  (Letter)  No.  2118,  a  Christiaan  Huygens,  25  Mars  1678.  Ibid., 

pp.  62-63. 

- - .  Extrait  d’un  ouvrage  posthume  de  Hartsoeker,  1725.  Ibid.,  pp. 

100-3. 

Leeuwenhoek,  Antonj  van.  Observationes  D.  Anthonii  Lewenhoeck,  de 
Natis  e  semine  genitali  Animalculis.  (To)  Vicecomiti  Brouncker. 
Dat.  Nov.  1677.  Phil.  Trans.,  v.  12,  no.  142,  Febr.  10.  for  the  Months 
of  January  and  February,  1678,  pp.  1040-43,  London,  1679. 


110 


A.  W.  MEYER 


i 

1 

f 

i 

t 

I- 

t 


Leeuwenhoek,  Antonj  van.  Observatoris  praemissis  Literis  Responsi.  Dat 
Mart.  18.  78.  &  Teutonice  conscripti,  Capitula.  (To  Nehemiah  Grew) 
Ibid.,  p.  1044. 

- .  Ex  aliis  Observatoris  Literis.  Dat.  Maii  31.  78.  etiam  Teutonice 

conscriptis,  aliquot  hue  spectantia  excerpta.  Ibid.,  p.  1045. 

- .  46ste  Missive  van  den  13  Julij  1685.  Geschreven  aan  .  .  .  de  Heeren 

van  de  Koninglijke  Societeit  tot  Londen  in  Engeland.  Ontdekkingen 
en  Ontledingen  van  Sout-Figuren,  Leiden,  1696,  pp.  41-76;  Opera 
omnia,  seu  Arcana  naturae  .  .  .  Editio  Novissima,  prioribus  emenda- 
tior,  Lugduni  Batavorum,  1722,  pp.  149-177. 

- .  113de  Missive,  Geschreeven  aan  den  Wei  Edelen  Gestrengen  Heere 

d’  Hr.  Harm:  van  Zoelen  (dated  December  17,  1698).  Sevende 
V'ervolg  der  Brieven,  Delft,  1702,  pp.  62-75;  Epistola  113,  Continuatio 
arcanorum  naturae.  Lugduni  Batavorum,  1719,  pp.  57-69.  (This 
letter  includes  extracts  from  Leeuwenhoek’s  letters  of  Nov.  1677  and 
Mar.  18,  1678.) 

- .  Part  of  a  letter  from  Mr.  Leuvenhook,  dated  June  9th.  1699.  con¬ 
cerning  the  animalcula  in  semine  humano,  &c.  Phil.  Trans.,  v.  21, 
no.  255,  pp.  301-308,  London,  1699.  116de  Missive,  Sevende  Vervolg 
der  Brieven,  Delft,  1702,  pp.  88-100;  Epistola  116,  Continuatio  arca¬ 
norum  naturae.  Lugduni  Batavorum,  1719,  pp.  82-94. 

- .  A  letter  from  Mr.  .-\nthony  Van  Lewenhoek,  F.  R.  S.  concerning 

his  further  observations  on  the  animalcula  in  semine  masculino.  Phil. 
Trans.,  v.  22,  no.  268,  pp.  739-746,  London,  1701.  135ste  Missive, 
Cieschreven  aan  de  Heer  Hans  Sloane,  25.  December  17(X),  Sevende 
V’ervolg  der  Brieven,  Delft,  1702,  pp.  295-307 ;  Epistola  135  (datetl 
“Octavo  Kalendas  Januarias  Anni  1701”),  Continuatio  arcanorum 
naturae,  Lugduni  Batavorum,  1719,  pp.  281-292. 

- .  The  select  works  of  Anthony  van  Leeuwenhoek,  containing  his 

microscopical  discoveries  in  many  of  the  works  of  nature.  Trans¬ 
lated  from  the  Dutch  and  Latin  editions  published  by  the  author.  By 
Samuel  Hoole.  Vol.  1,  London,  18(X). 

Locy,  William  A.  Von  Baer  and  the  rise  of  embryology.  Popular  Science 
Monthly,  v.  67,  pp.  97-126,  1905. 

Prevost,  J.  L.  et  J.  A.  Dumas.  Essai  sur  les  animalcules  spermatiques  de 
divers  animaux.  Memoires  de  la  Societe  de  Physique  et  d’Histoire 
Naturelle  de  Geneve,  t.  1,  pt.  1,  pp.  180-207,  Geneve  (and)  Paris,  1821. 

Punnett,  R.  C.  Ovists  and  animalculists.  .\merican  Naturalist,  v.  62,  pp. 
481-507,  1928. 

Roujou,  A.  Quelques  mots  sur  les  spermatozoides.  Seconde  partie.  Memoires 
de  la  Societe  des  Sciences  Naturelles,  t.  2,  pp.  109-24,  1878. 

Stieve,  H.  Manniiche  Genitalorgane.  Zw'eiter  Teil  (of)  Ham-  und  Ge- 
schlechtsapparat,  Wilhelm  v.  MollendorfFs  Handbuch  der  mikroskopi- 
schen  .Anatomie  des  Menschen,  Bd.  7,  Teil  2,  Berlin,  1930. 

Valentin,  G.  Uber  die  Spermatozoen  des  Baren.  Bei  der  Akademie  einge- 
gangen  den  10.  Juni  1837.  (Reprinted  from  Nova  acta  Physico- 
medica  Academiae  .  .  .  naturae  airiosorum,  vol.  19,  pp.  239-44,  1837. ) 


JOHN  HOWARD  ON  QUARANTINE 

JOHN  E.  RANSOM 

Assistant  Director,  The  Johns  Hopkins  Hospital,  Baltimore,  Md. 

John  Howard,  English  gentleman  and  philanthropist,  is  best 
known  for  his  efforts  to  better  conditions  in  English  prisons.  His 
investigations  in  this  field  which  covered  the  years  from  1773  to 
1790,  took  him  not  only  to  every  county  in  his  own  coimtry  but  to 
practically  every  country  of  continental  Europe  and  to  the  coastal 
cities  of  Asia  Minor.  Interested  at  first  and  primarily  in  prisons, 
he  developed  interest  in  other  institutions  such  as  hospitals,  alms 
houses,  schools  and  lazarettos.  His  comments  on  the  conditions  he 
discovered  are  set  forth  in  his  two  books.  The  State  of  Prisons 
(1784),  and  An  Accoimt  of  the  Principal  Lazarettos  in  Europe 
(1789). 

In  the  introduction  of  the  latter  work  he  says  that  in  his  travels 
on  the  continent  he  had  observed  that  other  countries  had  better 
provisions  for  the  protection  of  their  people  against  the  Plague,  that 
scourge  of  trading  nations,  than  had  his  own  country  and  that  he 
had  previously  expressed  the  hope  “  that  some  future  traveller 
would  give  us  plans  of  the  lazarettos  at  Leghorn,  Ancona  and  other 
places.”  This  wish  being  unfulfilled,  he  decided  to  do  the  thing 
himself.  Consequently,  in  the  spring  of  1785  we  find  him  setting 
out  on  a  journey  to  acquaint  himself  with  the  construction  and 
operation  of  the  principal  lazarettos  of  France  and  Italy.  Not  gain¬ 
ing  from  them  all  the  information  he  desired,  he  proceeded  to 
Smyrna  and  Constantinople. 

The  first  lazaretto  Mr.  Howard  visited  was  that  at  Marseilles. 
In  his  description  of  it  he  gives  the  general  principles  of  the  quar¬ 
antine  regulations  carried  out  therein.  Passengers  from  ships  with 
“  foul  bills,”  that  is,  those  having  come  from  plague-infested  ports 
and  those  on  which  the  disease  had  broken  out  en  voyage  were  held 
in  quarantine  at  the  lazaretto  for  thirty-one  days.  During  the  first 
fifteen  days  the  passengers  were  confined  under  guard  in  large 
rooms  from  which  opened  small  single  bed  alcoves.  If  no  contagion 
developed  during  that  period,  they  were  transferred  to  other  quar- 
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ters  known  as  parloirs  where  the  quarantine  was  less  strict.  Here 
they  might  converse  with  visitors,  from  whom  they  were  separated 
by  a  wire  grill.  This  device  prevented  close  physical  proximity  as 
well  as  the  passing  in  or  out  of  any  articles.  The  crews  of  foul 
ships  were  quarantined  on  board. 

The  cargoes  of  foul  ships  were  subject  to  disinfection.  Cotton 
goods  were  first  placed  on  deck  for  six  days,  followed  by  six  more 
days  exposure  on  the  bridge  in  the  lazaretto.  It  was  only  after  this 
that  the  rest  of  the  cargo  could  be  brought  in.  Seams  in  the  cotton 
bales  were  opened  up  at  ten-day  intervals.  The  more  valuable  por¬ 
tions  of  the  cargo  were  placed  in  well-ventilated  warehouses. 

As  to  what  was  done  for  the  protection  of  the  inhabitants  of 
ports  which  had  no  quarantine  provisions,  Mr.  Howard  gfives  a  hint 
in  his  account  of  the  lazarettos  of  Leghorn.  He  says  “  Ships  which 
have  the  plague  on  board  are  now  received  here,  and  not  chased 
away  or  burnt,  as  is  practised  in  too  many  places.” 

While  Mr.  Howard  was  at  the  lazaretto  at  Malta,  he  witnessed 
this  interesting  procedure.  “  A  letter  brought  by  a  ship  just  arrived 
from  Turkey,  was,  I  saw,  received  with  a  pair  of  iron  tongs,  dipped 
in  vinegar,  and  then  put  into  a  case,  and  laid  for  about  a  quarter 
of  an  hour  on  wire  grates,  under  which  straw  and  perfumes  had 
been  burnt,  after  which  the  case  was  opened,  and  the  letter  taken 
out  by  one  of  the  directors  of  the  office.  And  this  is  the  usual 
method  of  receiving  letters  here.” 

As  to  how  the  methods  of  cargo  disinfection  at  Malta  might 
affect  the  merchandise,  Mr,  Howard  gives  the  following  account: 

The  greatest  care  is  taken  to  destroy  infection  should  there  be  any.  Ships 
with  foul  bills  are  required  to  perform  quarantine  eighty  days :  but  at  the  end 
of  forty  days  they  may  change  their  station,  and  the  captains  are  allowed  to 
come  on  shore.  The  different  kinds  of  goods  are  separated,  and  placed  in 
proper  order  under  cover.  The  cottons  are  taken  out  of  the  bags  containing 
them,  and  placed  in  rows  of  piles,  upon  boards  laid  on  stone  pillars  about 
eighteen  inches  from  the  floors;  and  in  repacking  they  are  flung  over  a  man 
who  goes  into  the  bags,  in  order  to  tread  down  the  cotton;  the  consequence 
of  which  must  be  exposing  him  to  great  danger  should  any  infection  remain. 
This,  though  the  surest  way  of  expelling  infection  from  cotton,  is  not  the 
most  agreeable  to  merchants,  not  only  because  more  expensive,  but  also  for 
the  following  reason.  The  bales  of  cotton,  in  conveying  them  on  camels  to 
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the  sea-ports,  are  often  taken  off  on  the  roads,  and  laid  in  wet  and  dirty 
places  where  their  outsides  are  injured.  In  consequence  of  being  taken  to 
pieces  and  repacked  in  the  lazaretto  in  the  manner  now  described,  the  injured 
parts  get  among  the  inner  parts,  and  the  cotton  acquires  the  appearance  of 
being  wholly  damaged;  and,  therefore,  is  rendered  less  marketable.  (Laza¬ 
rettos,  p.  9.) 

Not  satisfied  with  what  he  had  learned  by  visiting  the  above- 
mentioned  lazarettos  as  well  as  others  in  (jenoa,  Varignano,  Naples, 
Zante,  Corfu  and  Castel  Novo  in  Dalmatia,  Mr.  Howard  went  to 
Smyrna  and  from  there  to  Constantinople.  While  in  the  latter  city 
he  made  what  might  seem  to  be  a  foolhardy  decision.  It  was  to 
return  to  Smyrna  and  take  passage  in  a  “  foul  ship  ”  bound  for 
Venice,  in  which  city  lazarettos  were  first  established  (1403).  Con¬ 
trary  winds  and  other  misadventures  prolonged  this  sea  voyage  to 
sixty  days.  His  experience  in  quarantine  is  best  told  in  his  own 
words. 

Here,  after  our  ship  had  been  conducted  by  a  pilot-boat  to  her  proper 
moorings,  a  messenger  came  from  the  health-office  for  the  captain;  and  I 
went  with  him  in  his  boat  to  see  the  manner  in  which  his  report  was  made, 
his  letters  delivered,  and  his  examination  conducted.  The  following  morning  a 
messenger  came  in  a  gondola  to  conduct  me  to  the  new  lazaretto.  I  was 
placed,  with  my  baggage,  in  a  boat  fastened  by  a  cord  ten  feet  long  to  another 
boat  in  which  were  six  rowers.  While  I  came  near  the  landing-place,  the 
cord  was  loosed,  and  my  boat  was  pushed  with  a  pole  to  the  shore,  where  a 
person  met  me,  who  said  he  had  been  ordered  by  the  magistrates  to  be  my 
guard.  Soon  after  unloading  the  boat,  the  sub-prior  came  and  shewed  me 
my  lodging,  which  was  a  very  dirty  room,  full  of  vermin,  and  without  table, 
chair,  or  bed.  That  day  and  the  next  morning  I  employed  a  person  to  wash 
my  room:  but  this  did  not  remove  the  offensiveness  of  it,  or  prevent  that 
constant  head-ache  which  I  had  been  used  to  feel  in  visiting  other  lazarettos, 
and  some  of  the  hospitals  in  Turkey.  This  lazaretto  is  chiefly  assigned  to 
Turks  and  soldiers,  and  the  crews  of  those  ships  which  have  the  plague  on 
board.  In  one  of  the  enclosures  was  the  crew  of  a  Ragusian  ship,  which  had 
arrived  a  few  days  before  me,  after  being  driven  from  Ancona  and  Trieste. 
My  guard  sent  a  report  of  my  health  to  the  office,  and  on  the  representation 
of  our  consul,  I  was  conducted  to  the  old  lazaretto  which  is  nearer  the  city. 
Having  brought  a  letter  to  the  prior  from  the  Venetian  ambassador  at 
Constantinople,  I  hoped  now  to  have  had  a  comfortable  lodging.  But  I  was 
not  so  happy.  The  apartment  appointed  me  (consisting  of  an  upper  and  a 
lower  room)  was  not  less  disagreeable  and  offensive  than  the  former.  I 
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preferred  lying  in  the  lower  room  on  a  brick  floor  where  I  was  almost  sur¬ 
rounded  with  water.  After  six  days,  however,  the  prior  removed  me  to  an 
apartment  in  some  respects  better,  and  consisting  of  four  rooms.  Here  I 
had  a  pleasant  view;  but  the  rooms  were  without  furniture,  very  dirty,  and 
no  less  offensive  than  the  sick  wards  of  the  worst  hospital.  The  walls  of  my 
chamber,  not  having  been  cleaned  propertly  for  half  a  century,  were  saturated 
with  infection.  I  got  them  washed  repeatedly  with  boiling  water,  to  remove 
the  offensive  smell,  but  without  any  effort  My  appetite  failed,  and  I  concluded 
I  was  in  danger  of  the  slow  hospital  fever.  I  proposed  white-washing  my 
room  with  lime  slacked  in  boiling  water,,  but  was  opposed  by  strong  preju¬ 
dices.  I  got,  however,  this  done  one  morning  through  the  assistance  of  the 
British  consul,  who  was  so  good  as  to  supply  me  with  a  quarter  of  a  bushel 
of  fresh  lime  for  the  purpose.  And  the  consequence  was,  that  my  room  was 
immediately  rendered  so  sweet  and  fresh,  that  I  was  able  to  drink  tea  in  it 
in  the  afternoon,  and  to  lie  in  it  the  following  night  On  the  next  day  the 
walls  were  dry  as  well  as  sweet,  and  in  a  few  days  I  recovered  my  appetite. 
Thus,  at  a  small  expense,  and  to  the  admiration  of  the  other  inhabitants  of 
this  lazaretto,  I  provided  for  myself  and  successors,  an  agreeable  and  whole¬ 
some  room,  instead  of  a  nasty  and  contagious  one.”  (Lazaretto,  pp.  10-11) 

The  Venetian  regulations  pertaining  to  the  cargoes  of  ships  held 
in  quarantine  are  of  interest. 

Goods  for  expurgation  are  ranged  under  sheds  for  that  purpose  in  the 
lazaretto,  in  different  order  according  to  the  kinds  and  marks  of  the  parcels, 
so  that  no  confusion  insues  in  distinguishing  the  respective  properties. 

Silk,  flax,  feathers  and  such  like,  are  managed  in  the  same  manner. 

Cotton  wool  and  yam,  camel’s  hair  and  beaver  in  bags  are  purged  in  a 
different  way.  The  bags  are  all  unripped  at  one  end,  and  the  porters  are 
obliged  every  day,  to  thrust  their  naked  hands  and  arms  into  them,  in  dif¬ 
ferent  places  as  far  as  the  middle  of  the  bag,  for  twenty  days  successively; 
then  the  bags  are  sewed  up,  turned  over,  and  the  other  end  unripped,  and 
managed  in  the  same  manner  the  twenty  subsequent  days,  which  complete  the 
quarantine;  but  neither  of  the  days  wherein  the  bags  are  opened,  are 
reckoned  among  the  forty. 

Woolen  and  linen  cloths,  and  all  goods  that  are  folded  in  pieces,  are  im- 
loosed,  and  the  porters  turn  them  over  fold  by  fold,  thrasting  their  naked 
arms  between  the  folds,  and  shifting  them  often,  under  and  above.  When 
there  is  a  certainty  of  infection,  besides  this  daily  motion,  they  are  unfolded, 
and  extended  on  cords  to  the  open  air,  as  often  as  the  weather  permits. 
Carpets,  blankets,  bed  covers,  quilts,  and  other  manufactures  of  wool  and 
silk,  flax,  books,  vellum,  and  all  kinds  of  paper,  hair  bags,  and  such  like,  are 
continually  exposed  to  the  air,  moved  and  turned  two  or  three  times  a  day. 
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Furs  are  among  the  most  dangerous  articles,  and  very  carefully  purged, 
kept  constantly  exposed  to  the  air,  and  very  often  moved  and  shaken;  in 
like  manner  hair,  and  ostrich  feathers  are  very  diligently  attended  to. 

Tobacco,  cordovans,  sheep  and  goat  skins,  dressed,  and  all  other  dry 
dressed  skins,  are  ranged  in  heaps,  and  now  and  then  moved;  but  being 
articles  less  subject  to  infection  they  are  usually  liberated  in  twenty  days. 

Bees  wax  and  sponges,  are  purged  by  putting  them  in  salt  water  (not 
stagnated)  for  forty-eight  hours,  and  then  they  are  free.  There  is  a  place 
formed  in  the  lazaretto  for  this  purpose,  and  a  gpiardian  to  superintend  the 
operation. 

Wax  and  tallow  candles  are  subject  to  full  quarantine,  on  account  of  the 
cotton  in  them,  but  if  the  proprietor  submits  to  let  them  be  immerged  as 
above,  they  are  free.  Animals  with  wool  or  long  hair,  are  liable  to  the  whole 
quarantine ;  but  those  with  short  straight  hair  are  purged  by  causing  them  to 
swim  ashore.  The  feathered  animals  are  purged  by  repeated  sprinkling  with 
vinegar  till  well  wet. 

There  are  other  articles  not  susceptible  of  infection,  and  of  consequence 
not  liable  to  quarantine,  though  sometimes  they  become  liable  by  attendant 
circtunstances,  such  as  salted  hides,  which  when  sufficiently  salted  and  moist, 
are  free;  but  if  dry,  they  must  undergo  the  formalities  of  quarantine. 

Many  articles  are  always  free,  when  they  come  in  the  lump,  and  others 
though  in  package,  either  because  the  package  itself  is  free,  or  purified  by  the 
volatile  qualities  of  the  contents,  or  can  be  removed  or  rendered  harmless. 
Of  the  first  sort,  are  all  kinds  of  grain,  Vallonia  or  bark,  salt,  flax  seed, 
and  in  general  all  seeds,  marble,  minerals,  wood,  earths,  sand,  allum,  vitriol, 
elephants’  teeth,  etc.  Of  the  second  sort  are  sugars,  cheese,  butter,  pigpioli, 
fruits  fresh  and  dried,  all  salted  and  smoked  meat,  etc.  Bottorghi,  drugs, 
colours,  and  such  like,  that  can  be  separated  from  the  packages.  Of  the 
third  sort,  are  liquors  of  all  kinds,  brandies,  oils,  wines,  after  pitching  the 
bungs,  lest  there  should  be  canvass  or  any  thing  of  that  nature  in  them, 
currants,  raisins  and  pitch,  although  in  canvass  packages,  are  free,  because 
it  is  supposed  their  nature,  or  the  effluvia  proceeding  from  them  prevent 
contagion,  only  the  seams  and  comers,  are  tarred.”  (Lazarettos,  pp.  20-21) 

After  his  sojourn  in  the  Venetian  lazaretto  which  gave  him 
opportimity  to  become  thoroughly  acquainted  with  its  functioning, 
Mr.  Howard  summarized  his  opinion  of  it  in  the  following  scathing 
comment : 

The  Venetians  were  formerly  one  of  the  first  commercial  nations  in 
Europe,  and  the  regulations  for  performing  quarantine  in  their  lazarettos  are 
wise  and  good;  but  now,  in  almost  every  department  into  which  I  had 
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opportunity  to  look,  there  is  such  remissness  and  corruption  in  executing 
safe  regulations,  as  to  render  the  quarantine  almost  useless,  and  little  more 
than  an  establishment  for  providing  for  officers  and  infirm  people.  (Laza¬ 
rettos  p.  22) 

As  might  be  expected  from  so  purposeful  a  man  as  John  Howard, 
on  his  return  to  England  he  endeavored  to  see  that  the  quarantine 
provisions  in  his  own  country  were  improved.  His  efforts  had  no 
immediate  results.  In  1735  lazarettos  had  been  established  in  some 
floating  hulks  but  the  quarantine  they  provided  was  not  well  regu¬ 
lated.  Later  provisions  met  the  opposition  of  business  interests. 
About  1800  a  lazaretto  which  cost  17,000  pounds  was  built  on 
Chetney  Hill  near  (Thatham,  but  owing  to  faulty  construction,  it 
was  almost  immediately  condemned.  Floating  hulks  continued  in 
use.  But  the  ineffectiveness  of  this  method  and  the  opposition  of 
commercial  interests  led  to  the  abandonment  of  the  system.  Be¬ 
cause  of  or  in  spite  of  ail  that  was  done,  the  plague  had  disappeared 
from  England  by  1780,  which  was  five  years  before  John  Howard 
set  out  on  his  lazaretto  investigating  tour. 

The  lazaretto  system  had  many  imperfections  and  perhaps  im¬ 
posed  too  heavy  a  burden  on  travellers  and  shippers  but  from  it 
have  developed  many  of  the  essential  features  of  modem  port 
quarantine. 
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TEXTS  AND  DOCUMENTS 

ON  THOUGHT  IN  MEDICINE  ♦ 

(Das  Denken  in  der  Medizin) 

BY 

Hermann  von  Helmholtz 

Introduction  by  Arno  B.  Luckhardt 

“  Doch  es  ist  was  altes,  dass  die  Wahrheit,  zumahl  wenn  sic  strait, 
sich  verhasst  mache;  dass  sie  es  aber  thue,  erfordert  das  allgetneine 
Wohlseyn.” 

— J.  G.  ZiMMERMANN,  Dos  Lcben  d.  Herrn  v.  Haller, 

Zurich,  1755,  p.  219. 

Any  attempt  to  preface  the  ensuing  discourse  of  Helmholtz  by  any 
biographical  sketch  or  appraisal  of  his  importance  as  a  physiologist, 
physicist,  or  philosopher  would  be  futile  at  this  time.  This  has  been 
done  so  often  and  effectively  by  others  in  the  past  that  any  feeble 
attempts  in  that  direction  would  constitute  a  distinct  anticlimax. 
Suffice  it  to  say  that  as  a  physiologist,  I  would  perhaps  class  von 
Helmholtz  as  one  of  the  most  outstanding  teachers  and  researchers 
in  medicine — specifically  in  physiology.  A  physicist  would  no  doubt 
maintain  that  he  was  perhaps  as  outstanding  in  practical  and 
theoretical  physics. 

The  fact  remains  that  he  held  chairs  as  professor  in  both  physiology 
and  physics,  and  taught  both  over  a  life  time.  Starting  as  a  teacher 
of  anatomy,  physiology,  and  pathology,  and  investigating  specifically 
in  physiology  and  physiological  anatomy  he,  in  his  latter  years, 
devoted  himself  almost  exclusively  to  research  in  physics  for  which 
his  early  intensive  studies  of  mathematics  had  prepared  him. 

His  monumental  contributions  to  humanity  in  both  fields  bear 
testimony  to  the  imiversality  of  his  genius.  I  recall  his  earlier  con¬ 
tributions  on  the  relation  of  the  motor  nerves  to  the  anterior  horn 

*  Reprinted  from:  Popular  Lectures  on  Scientific  Subjects  by  Hermann  von 
Helmholtz  translated  by  E.  Atkinson,  Ph.  D.,  F.  C.  S.  Formerly  Professor  of 
Experimental  Science,  Staff  College.  Second  Series,  New  Editioa  London,  Long¬ 
mans,  Green  and  Company,  and  New  York;  15  East  16th  Street,  1893,  vol.  II, 
pp.  199-236. 
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cells,  measurement  of  the  velocity  of  the  nerve  impulse,  invention  of 
the  opthalmoscope,  contributions  to  physiological  optics,  mechanism 
of  action  of  the  auditory  ossicles,  the  law  of  the  conservation  of 
energy  and  study  of  electro-dynamic  processes  which  lead  (through 
his  pupil,  Heinrich  Hertz)  to  the  discovery  of  wireless  telegraphy 
(radio).  As  the  result  of  his  studies  of  wind  resistance  he  came  to 
the  conclusion  that  dirigible  balloons  were  “  evident  theoretically,” 
etc.,  etc. 

Without  even  attempting  to  indicate  the  importance  of  his  later 
studies  in  physics  (particularly  in  the  field  of  thermo-dynamics)  it  is 
necessary  to  emphasize  that  his  several  major  discoveries  in  the 
medical  sciences  were  the  outcome  of  his  teaching  activities  in  the 
field  of  physiology,  as  he  himself  states. 

Helmholtz  was  a  finished  and  effective  teacher.  His  Popular 
Scientific  Addresses  bear  witness  to  that  statement.  Like  all  great 
teachers  he  possessed  the  faculty  of  presenting  intricate  material 
interestingly,  simply,  and  without  any  sacrifice  of  scientific  accuracy. 
There  is  no  record  that  he  ever  indulged  in  a  “  scientific  ”  study  of 
pedagogy ;  he  practiced  it.  He  was,  on  the  other  hand,  not  oblivious 
to  trends  in  university  educational  methods  or  proposed  educational 
innovations  (or  reversions).  The  present  lecture  is  his  answer  to 
those  of  his  time  who  thought  of  jimking  the  current  educational 
system  to  which  Germany  owed  its  scholarly  preeminence  in  favor 
of  one  which  had  been  tried  for  some  1600  years  (after  discarding 
the  example  of  Galen)  and  had  been  found  sterile  in  every  respect 
except  in  the  accumulation  of  metaphysical  nonsense. 

Although  “  Das  Denken  in  der  Medizin  ”  was  delivered  some 
60  years  ago,  one  might  easily  imagine  on  reading  it  that  the  author 
had  arisen  in  wrath  from  his  grave  some  three  years  ago  to  deliver 
it.  The  educational  confusion  which  was  introduced  into  the  uni¬ 
versity  world  “  ex  machina  ”  at  that  time  has  hardly  abated.  Books, 
brochures,  pamphlets,  discussions — good  natured  and  otherwise — 
had  one  salutary  effect,  and  only  one,  namely,  to  induce  those  in  the 
educational  field  to  examine  their  conscience  with  respect  to  the 
efficacy  of  their  attempts  to  impart  knowledge  and  the  success  of 
their  particular  methods  in  drawing  out  (educare)  their  students 
when  presenting  their  respective  university  ‘  discipline.’ 
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In  following  the  progress  of  the  polemic,  it  seemed  surprising  to 
me  that  none  alluded  to  a  contemporary  of  St.  Thomas  of  Aquinas 
by  the  name  of  Ramon  Lull  (ca.  1233-ca.  1316).  Considered  by 
some  as  the  inventor  of  a  generalized  logic  (Ars  Magna  Sciendi), 
Lull  was  never  convinced  that  logic  or  metaphysics  was  incapable  of 
establishing  a  fact  or  its  validity.  In  fact,  he  constructed  graphic 
schemata  consisting  of  a  series  of  superimposed  paper  discs  of  dimin¬ 
ishing  diameter  and  containing  blocked  off  statements,  which  could 
be  rotated  about  one  another  like  radio  dials  when  searching  for  an 
answer,  and — presto — the  true  solution  could  be  ascertained  at  a 
glance !  This  type  of  Lullian  logic  and  mechanical  procedure  elimi¬ 
nated  even  the  necessity  of  much  thinking. 

There  is  no  use  in  documenting  this  controversy ;  for,  among  other 
things,  “  nomina  odiosa  simt.”  But  it  has  seemed  plain  that  many 
“  ex  cathedra  ”  statements  were  made  which  did  not  square  up  with 
facts,  and  made  by  some  who  had  visions  of  a  better  educational 
scheme  having  had  scant  personal  and  practical  experience  in  teach¬ 
ing.  All  in  all,  I  was  reminded  of  a  statement  made  often  to  me  in 
my  youth :  “  Empty  battles  make  the  most  noise,”  or,  of  the  simi¬ 
larly  oft  repeated  hexameter :  “  Parturiunt  montes,  nascitur  ridi- 
culus  mus.”  The  “  mouse  ”  in  this  case  must  be  the  resolve  of  each 
educator  to  really  do  better  as  a  teacher. 

In  the  following  discourse  Helmholtz,  the  teacher-educator,  pro¬ 
vided  the  answer  in  1877.  Then,  as  now,  ideas  and  cogitation  were 
emphasized  beyond  all  reasonable  bounds  and  to  the  virtual  exclusion 
of  fact  finding  by  observation  and  thoughtful  experimentation. 


X>  a.  id 


Denken  in  tier  Medicin. 


Tt.  G  <1  c  , 
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zur  Feier  des  Stiftungstages  der  militair&rztiichen  Bildungs* 
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M.  Uiilvr  ilcH  LiHtliiii. 
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ON 

THOUGHT  IN  MEDICINE. 


An  Address  delivered  August  2,  1877,  on  the  Anniversary  of 
the  Foundation  of  the  Institute  for  the  Education  of 
Army  Surgeons. 


It  is  now  thirty-five  years  since,  on  the  2nd  August,  I  stood  on  the 
rostrum  in  the  Hall  of  this  Institute,  before  another  such  audience 
as  this,  and  read  a  paper  on  the  operation  of  Venal  Tumours.  I  was 
then  a  pupil  of  this  Institution,  and  was  just  at  the  end  of  my  studies. 
I  had  never  seen  a  tumour  cut,  and  the  subject-matter  of  my  lecture 
was  merely  compiled  from  books ;  but  book  knowledge  played  at  that 
time  a  far  wider  and  a  far  more  influential  part  in  medicine  than  we 
are  at  present  disposed  to  assign  to  it.  It  was  a  period  of  fermenta¬ 
tion,  of  the  fight  between  learned  tradition  and  the  new  spirit  of 
natural  science,  which  would  have  no  more  of  tradition,  but  wished 
to  depend  upon  individual  experience.  The  authorities  at  that  time 
judged  more  favourably  of  my  Essay  than  I  did  myself,  and  I  still 
possess  the  books  which  were  awarded  to  me  as  the  prize. 

The  recollections  which  crowd  in  upon  me  on  this  occasion  have 
brought  vividly  before  my  mind  a  picture  of  the  then  condition  of  our 
science,  of  our  endeavours  and  of  our  hopes,  and  have  led  me  to 
compare  the  past  state  of  things  with  that  into  which  it  has  developed. 
Much  indeed  has  been  accomplished. 

Although  all  that  we  hoped  for  has  not  been  fulfilled,  and  many 
things  have  turned  out  differently  from  what  we  wished,  yet  we  have 
gained  much  for  which  we  could  not  have  dared  to  hope.  Just  as  the 
history  of  the  world  has  made  one  of  its  few  giant  steps  before  our 
eyes,  so  also  has  our  science;  hence  an  old  student,  like  myself, 
scarcely  recognises  the  somewhat  matronly  aspect  of  Dame  Medicine, 
when  he  accidentally  comes  again  in  relation  to  her,  so  vigorous  and 
so  capable  of  growth  has  she  become  in  the  fountain  of  youth  of  the 
Natural  Sciences. 
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I  may,  perhaps,  retain  the  impression  of  this  antagonism,  more 
freshly  than  those  of  my  contemporaries  whom  I  have  the  honour 
to  see  assembled  before  me ;  and  who,  having  remained  permanently 
connected  with  science  and  practice,  have  been  less  struck  and  less 
surprised  by  great  changes,  taking  place  as  they  do  by  slow  steps. 
This  must  be  my  excuse  for  speaking  to  you  about  the  metamorphosis 
which  has  taken  place  in  medicine  during  this  period,  and  with  the 
results  of  whose  development  you  are  better  acquainted  than  I  am. 
I  should  like  the  impression  of  this  development  and  of  its  causes 
not  to  be  quite  lost  on  the  younger  of  my  hearers.  They  have  no 
special  incentive  for  consulting  the  literature  of  that  period;  they 
would  meet  with  principles  which  appear  as  if  written  in  a  lost 
tongue,  so  that  it  is  by  no  means  easy  for  us  to  transfer  ourselves 
into  the  mode  of  thought  of  a  period  which  is  so  far  behind  us.  The 
course  of  development  of  medicine  is  an  instructive  lesson  on  the  true 
principles  of  scientific  inquiry,  and  the  positive  part  of  this  lesson 
has,  perhaps,  in  no  previous  time  been  so  impressively  taught  as  in 
the  last  generation. 

The  task  falls  to  me,  of  teaching  that  branch  of  the  natural  sci¬ 
ences  which  has  to  make  the  widest  generalisations,  and  has  to  discuss 
the  meaning  of  fundamental  ideas ;  and  which  has,  on  that  account, 
been  not  unfitly  termed  Natural  Philosophy  by  the  English-speaking 
peoples.  Hence  it  does  not  fall  too  far  out  of  the  range  of  my  official 
duties  and  of  my  own  studies,  if  I  attempt  to  discourse  here  of  the 
principles  of  scientific  method,  in  reference  to  the  sciences  of 
experience. 

As  regards  my  acquaintance  with  the  tone  of  thought  of  the  older 
medicine,  independently  of  the  general  obligation,  incumbent  on  every 
educated  physician,  of  understanding  the  literature  of  his  science  and 
the  direction  as  well  as  the  conditions  of  its  progress,  there  was  in 
my  case  a  special  incentive.  In  my  first  professorship  at  Konigsberg, 
from  the  year  1849  to  1856,  I  had  to  lecture  each  winter  on  general 
pathology — that  is,  on  that  part  of  the  subject  which  contains  the 
general  theoretical  conceptions  of  the  nature  of  disease,  and  of  the 
principles  of  its  treatment. 

General  pathology  was  regarded  by  our  elders  as  the  fairest  blos¬ 
som  of  medical  science.  But  in  fact,  that  which  formed  its  essence 
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possesses  only  historical  interest  for  the  disciples  of  modem  natural 
science. 

Many  of  my  predecessors  have  broken  a  lance  for  the  scientific 
defence  of  this  essence,  and  more  especially  Henle  and  Lotz.  The 
latter,  whose  starting-point  was  also  medicine,  had,  in  his  general 
pathology  and  therapeutics,  arranged  it  very  thoroughly  and  me¬ 
thodically  and  with  great  critical  acumen. 

My  own  original  inclination  was  towards  physics;  external  cir¬ 
cumstances  compelled  me  to  commence  the  study  of  medicine,  which 
was  made  possible  to  me  by  the  liberal  arrangements  of  this  Institu¬ 
tion.  It  had,  however,  been  the  custom  of  a  former  time  to  combine 
the  study  of  medicine  with  that  of  the  Natural  Sciences,  and  what¬ 
ever  in  this  was  compulsory  I  must  consider  fortunate;  not  merely 
that  I  entered  medicine  at  a  time  in  which  any  one  who  was  even 
moderately  at  home  in  physical  considerations  found  a  fruitful  virgin 
soil  for  cultivation;  but  I  consider  the  study  of  medicine  to  have 
been  that  training  which  preached  more  impressively  and  more  con¬ 
vincingly  than  any  other  could  have  done,  the  everlasting  principles 
of  all  scientific  work ;  principles  which  are  so  simple  and  yet  are  ever 
forgotten  again ;  so  clear  and  yet  always  hidden  by  a  deceptive  veil. 

Perhaps  only  he  can  appreciate  the  immense  importance  and  the 
fearful  practical  scope  of  the  problems  of  medical  theory,  who  has 
watched  the  fading  eye  of  approaching  death,  and  witnessed  the  dis¬ 
tracted  grief  of  affection,  and  who  has  asked  himself  the  solemn 
questions.  Has  all  been  done  which  could  be  done  to  ward  off  the 
dread  event  ?  Have  all  the  resources  and  all  the  means  which  Science 
has  accumulated  become  exhausted? 

Provided  that  he  remains  undisturbed  in  his  study,  the  purely 
theoretical  inquirer  may  smile  with  calm  contempt  when,  for  a  time, 
vanity  and  conceit  seek  to  swell  themselves  in  science  and  stir  up  a 
commotion.  Or  he  may  consider  ancient  prejudices  to  be  interesting 
and  pardonable,  as  remains  of  poetic  romance,  or  of  youthful  en¬ 
thusiasm.  To  one  who  has  to  contend  with  the  hostile  forces  of 
fact,  indifference  and  romance  disappear ;  that  which  he  knows  and 
can  do,  is  exposed  to  severe  tests ;  he  can  only  use  the  hard  and  clear 
light  of  facts,  and  must  give  up  the  notion  of  lulling  himself  in 
agreeable  illusions. 
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I  rejoice,  therefore,  that  I  can  once  more  address  an  assembly  con¬ 
sisting  almost  exclusively  of  medical  men  who  have  gone  through 
the  same  school.  Medicine  was  once  the  intellectual  home  in  which 
I  grew  up,  and  even  the  emigrant  best  understands  and  is  best  under¬ 
stood  by  his  native  land. 

If  I  am  called  upon  to  designate  in  one  word  the  fundamental 
error  of  that  former  time,  I  should  be  inclined  to  say  that  it  pursued 
a  false  ideal  of  science  in  a  one-sided  and  erroneous  reverence  for 
the  deductive  method.  Medicine,  it  is  true,  was  not  the  only  science 
which  was  involved  in  this  error,  but  in  no  other  science  have  the 
consequences  been  so  glaring,  or  have  so  hindered  progress,  as  in 
medicine.  The  history  of  this  science  claims,  therefore,  a  special 
interest  in  the  history  of  the  development  of  the  human  mind.  None 
other  is,  perhaps,  more  fitted  to  show  that  a  true  criticism  of  the 
sources  of  cognition  is  also  practically  an  exceedingly  important 
object  of  true  philosophy. 

The  proud  word  of  Hippokrates, 

iriTpox  iaodtot, 

‘  Godlike  is  the  physician  who  is  a  philosopher,’  served,  as  it  were, 
as  a  banner  of  the  old  deductive  medicine. 

We  may  admit  this  if  only  we  once  agree  what  we  are  to  under¬ 
stand  as  a  philosopher.  For  the  ancients,  philosophy  embraced  all 
theoretical  knowledge ;  their  philosophers  pursued  Mathematics, 
Physics,  Astronomy,  Natural  History,  in  close  connection  with  true 
philosophical  or  metaphysical  considerations.  If,  therefore,  we  are 
to  tuiderstand  the  medical  philosopher  of  Hippokrates  to  be  a  man 
who  has  a  perfected  insight  into  the  causal  connection  of  natural 
processes,  we  shall  in  fact  be  able  to  say  with  Hippokrates,  Such  a 
one  can  give  help  like  a  god. 

Understood  in  this  sense,  the  aphorism  describes  in  three  words 
the  ideal  which  our  science  has  to  strive  after.  But  who  can  allege 
that  it  will  ever  attain  this  ideal  ? 

But  those  disciples  of  medicine  who  thought  themselves  divine 
even  in  their  own  lifetime,  and  who  wished  to  impose  themselves 
upon  others  as  such,  were  not  inclined  to  postpone  their  hopes  for 
so  long  a  period.  The  requirements  for  the  <fnX6<To<fKK  were  con- 
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siderably  moderated.  Every  adherent  of  any  given  cosmological 
system,  in  which,  for  well  or  ill,  facts  must  be  made  to  correspond 
with  reality,  felt  himself  to  be  a  philosopher.  The  philosophers  of 
that  time  knew  little  more  of  the  laws  of  Nature  than  the  imleamed 
layman;  but  the  stress  of  their  endeavours  was  laid  upon  thinking, 
upon  the  logical  consequence  and  completeness  of  the  system.  It 
is  not  difficult  to  understand  how  in  periods  of  youthful  development, 
such  a  one-sided  over-estimate  of  thought  could  be  arrived  at.  The 
superiority  of  man  over  animals,  of  the  scholar  over  the  barbarian, 
depends  upon  thinking;  sensation,  feeling,  perception,  on  the  con¬ 
trary,  he  shares  with  his  lower  fellow-creatures,  and  in  acuteness  of 
the  senses  many  of  these  are  even  superior  to  him.  That  man 
strives  to  develop  his  thinking  faculty  to  the  utmost  is  a  problem  on 
the  solution  of  which  the  feeling  of  his  own  dignity,  as  well  as  of 
his  own  practical  power,  depends ;  and  it  is  a  natural  error  to  have 
considered  unimportant  the  dowry  of  mental  capacities  which  Nature 
had  given  to  animals,  and  to  have  believed  that  thought  could  be 
liberated  from  its  natural  basis,  observation  and  perception,  to  begin 
its  Icarian  flight  of  metaphysical  speculation. 

It  is,  in  fact,  no  easy  problem  to  ascertain  completely  the  origins 
of  our  knowledge.  An  enormous  amount  is  transmitted  by  speech 
and  writing.  This  power  which  man  possesses  of  gathering  together 
the  stores  of  knowledge  of  generations,  is  the  chief  reason  of  his 
superiority  over  the  animal,  who  is  restricted  to  an  inherited  blind 
instinct  and  to  its  individual  experience.  But  all  transmitted  knowl¬ 
edge  is  handed  on  already  formed ;  whence  the  reporter  has  derived 
it,  or  how  much  criticism  he  has  bestowed  upon  it,  can  seldom  be 
made  out,  especially  if  the  tradition  has  been  handed  down  through 
several  generations.  We  must  admit  it  all  upon  good  faith ;  we  can¬ 
not  arrive  at  the  source ;  and  when  many  generations  have  contented 
themselves  with  such  knowledge,  have  brought  no  criticism  to  bear 
upon  it ;  have,  indeed,  gradually  added  all  kinds  of  small  alterations, 
which  ultimately  grew  up  to  large  ones — after  all  this,  strange  things 
are  often  reported  and  believed  under  the  authority  of  primeval  wis¬ 
dom.  A  curious  case  of  this  kind  is  the  history  of  the  circulation 
of  the  blood,  of  which  we  shall  still  have  to  speak. 

But  another  kind  of  tradition  by  speech,  which  long  remained 
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undetected,  is  even  still  more  confusing  for  one  who  reflects  upon 
the  origin  of  knowledge.  Speech  cannot  readily  develop  names  for 
classes  of  objects  or  for  classes  of  processes,  if  we  have  not  been 
accustomed  very  often  to  mention  together  the  corresponding  indi¬ 
viduals,  things,  and  separate  cases,  and  to  assert  what  there  is  in 
common  about  them.  They  must,  therefore,  possess  many  points  in 
common.  Or  if  we,  reflecting  scientiflcally  upon  this,  select  some  of 
these  characteristics,  and  collate  them  to  form  a  definition,  the  com¬ 
mon  possession  of  these  selected  characteristics  must  necessitate  that 
in  the  given  cases  a  great  number  of  other  characteristics  are  to  be 
regularly  met  with ;  there  must  be  a  natural  connection  between  the 
first  and  the  last-named  characteristics.  If,  for  instance,  we  assign 
the  name  of  mammals  to  those  animals  which,  when  young,  are 
suckled  by  their  mothers,  we  can  assert  further,  in  reference  to  them, 
that  they  are  all  warm-blooded  animals,  bom  alive,  that  they  have  a 
spinal  column  but  no  quadrate  bone,  breathe  through  lungs,  have 
separate  divisions  of  the  heart,  &c.  Hence  the  fact,  that  in  the 
speech  of  an  intelligent  observing  people  a  certain  class  of  things  are 
included  in  one  name,  indicates  that  these  things  or  cases  fall  under 
a  common  natural  relationship;  by  this  alone  a  host  of  experiences 
are  transmitted  from  preceding  generations  without  this  appearing 
to  be  the  case. 

The  adult,  moreover,  when  he  begins  to  reflect  upon  the  origin  of 
his  knowledge,  is  in  possession  of  a  huge  mass  of  every-day  ex¬ 
periences,  which  in  great  part  reach  back  to  the  obscurity  of  his  first 
childhood.  Everything  individual  has  long  been  forgotten,  but  the 
similar  traces  which  the  daily  repetition  of  similar  cases  has  left  in 
his  memory  have  deeply  engraved  themselves.  And  since  only  that 
which  is  in  conformity  with  law  is  always  repeated  with  regularity, 
these  deeply  impressed  remains  of  all  previous  conceptions  are  just 
the  conceptions  of  what  is  conformable  to  law  in  the  things  and 
processes. 

Thus  man,  when  he  begins  to  reflect,  finds  that  he  possesses  a 
wide  range  of  acquirements  of  which  he  knows  not  whence  they 
came,  which  he  has  possessed  as  long  as  he  can  remember.  We  need 
not  refer  even  to  the  possibility  of  inheritance  by  procreation. 


The  conceptions  which  he  has  formed,  which  his  mother  tongue 
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has  transmitted,  assert  themselves  as  regulative  powers,  even  in  the 
objective  world  of  fact,  and  as  he  does  not  know  that  he  or  his  fore¬ 
fathers  have  developed  these  conceptions  from  the  things  themselves, 
the  world  of  facts  seems  to  him,  like  his  conceptions,  to  be  governed 
by  intellectual  forces.  We  recognise  this  psychological  anthro¬ 
pomorphism,  from  the  Ideas  of  Plato,  to  the  immanent  dialectic  of 
the  cosmical  process  of  Hegel,  and  to  the  unconscious  will  of 
Schopenhauer. 

Natural  science,  which  in  former  times  was  virtually  identical 
with  medicine,  followed  the  path  of  philosophy;  the  deductive 
method  seemed  to  be  capable  of  doing  everything.  Socrates,  it  is 
true,  had  developed  the  inductive  conception  in  the  most  instructive 
manner.  But  the  best  which  he  accomplished  remained  virtually 
misunderstood. 

I  will  not  lead  you  through  the  motley  confusion  of  pathological 
theories  which,  according  to  the  varying  inclination  of  their  authors, 
sprouted  up  in  consequence  of  this  or  the  other  increase  of  natural 
knowledge,  and  were  mostly  put  forth  by  physicians,  who  obtained 
fame  and  renown  as  great  observers  and  empirics,  independently  of 
their  theories.  Then  came  the  less  gifted  pupils,  who  copied  their 
master,  exaggerated  his  theory,  made  it  more  one-sided  and  more 
logical,  without  regard  to  any  discordance  with  Nature.  The  more 
rigid  the  system,  the  fewer  and  the  more  thorough  were  the  methods 
to  which  the  healing  art  was  restricted.  The  more  the  schools  were 
driven  into  a  comer  by  the  increase  in  actual  knowledge,  the  more 
did  they  depend  upon  the  ancient  authorities,  and  the  more  intolerant 
were  they  against  innovation.  The  great  reformer  of  anatomy, 
Vesalius,  was  cited  before  the  Theological  faculty  of  Salamanca; 
Servetus  was  burned  at  Geneva  along  with  his  book,  in  which  he 
described  the  circulation  of  the  lungs;  and  the  Paris  faculty  pro¬ 
hibited  the  teaching  of  Harvey’s  doctrine  of  the  circulation  of  the 
blood  in  its  lecture  rooms. 

At  the  same  time  the  bases  of  the  systems  from  which  these 
schools  started  were  mostly  views  on  natural  science  which  it  would 
have  been  quite  right  to  utilise  within  a  narrow  circle.  What  was 
not  right  was  the  delusion  that  it  was  more  scientific  to  refer  all 
diseases  to  one  kind  of  explanation,  than  to  several.  What  was 


128 


HERMANN  VON  HELMHOLTZ 


called  the  solidar  pathology  wanted  to  deduce  everything  from  the 
altered  mechanism  of  the  solid  parts,  especially  from  their  altered 
tension ;  from  the  strictum  and  laxutn,  from  tone  and  want  of  tone, 
and  afterwards  from  strained  or  relaxed  nerves  and  from  obstruc¬ 
tions  in  the  vessels.  Humoral  pathology  was  only  acquainted  with 
alterations  in  mixture.  The  four  cardinal  fluids,  representatives  of 
the  classical  four  elements,  blood,  phlegm,  black  and  yellow  gall; 
with  others,  the  acrimonies  or  dyscrasies,  which  had  to  be  expelled 
by  sweating  and  purging;  in  the  beginning  of  our  modem  epoch, 
the  acids  and  alkalies  or  the  alchymistic  spirits,  and  the  occult  quali¬ 
ties  of  the  substances  assimilated — all  these  were  the  elements  of 
this  chemistry.  Along  with  these  were  found  all  kinds  of  physio¬ 
logical  conceptions,  some  of  which  contained  remarkable  fore¬ 
shadowings,  such  as  the  ifufnrrov  Bipfiov,  the  inherent  vital  force  of 
Hippokrates,  which  is  kept  up  by  nutritive  substances,  this  again 
boils  in  the  stomach  and  is  the  source  of  all  motion ;  here  the  thread 
is  begun  to  be  spun  which  subsequently  led  a  physician  to  the  law 
of  the  conservation  of  force.  On  the  other  hand,  the  wnpa,  which 
is  half  spirit  and  half  air,  which  can  be  driven  from  the  lungs  into 
the  arteries  and  fills  them,  has  produced  much  confusion.  The  fact 
that  air  is  generally  found  in  the  arteries  of  dead  bodies,  which 
indeed  only  penetrates  in  the  moment  in  which  the  vessels  are  cut, 
led  the  ancients  to  the  belief  that  air  is  also  present  in  the  arteries 
during  life.  The  veins  only  remained  then  in  which  blood  could 
circulate.  It  was  believed  to  be  formed  in  the  liver,  to  move  from 
there  to  the  heart,  and  through  the  veins  to  the  organs.  Any  careful 
observation  of  the  operation  of  blood-letting  must  have  taught  that, 
in  the  veins,  it  comes  from  the  periphery,  and  flows  towards  the 
heart.  But  this  false  theory  had  become  so  mixed  up  with  the  expla¬ 
nation  of  fever  and  of  inflammation,  that  it  acquired  the  authority 
of  a  dogma,  which  it  was  dangerous  to  attack. 

Yet  the  essential  and  fundamental  error  of  this  system  was,  and 
still  continued  to  be,  the  false  kind  of  logical  conclusion  to  which  it 
was  supposed  to  lead ;  the  conception  that  it  must  be  possible  to  build 
a  complete  system  which  would  embrace  all  forms  of  disease,  and 
their  cure,  upon  any  one  such  simple  explanation.  Complete  knowl¬ 
edge  of  the  causal  connection  of  one  class  of  phenomena  gives  finally 
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a  logical  coherent  system.  There  is  no  prouder  edifice  of  the  most 
exact  thought  than  modem  astronomy,  deduced  even  to  the  minutest 
of  its  small  disturbances,  from  Newton’s  law  of  gravitation.  But 
Newton  had  been  preceded  by  Kepler,  who  had  by  induction  collated 
all  the  facts ;  and  the  astronomers  have  never  believed  that  Newton’s 
force  excluded  the  simultaneous  action  of  other  forces.  They  have 
been  continually  on  the  watch  to  see  whether  friction,  resisting 
media,  and  swarms  of  meteors  have  not  also  some  influence.  The 
older  philosophers  and  physicians  believed  they  could  deduce,  before 
they  had  settled  their  general  principles  by  induction.  They  forgot 
that  a  deduction  can  have  no  more  certainty  than  the  principle  from 
which  it  is  deduced;  and  that  each  new  induction  must  in  the  first 
place  be  a  new  test,  by  experience,  of  its  own  bases.  That  a  conclu¬ 
sion  is  deduced  by  the  strictest  logical  method  from  an  uncertain 
premiss  does  not  give  it  a  hair’s  breadth  of  certainty  or  of  value. 

One  characteristic  of  the  schools  which  built  up  their  system  on 
such  hypotheses,  which  they  assumed  as  dogmas,  is  the  intolerance  of 
expression  which  I  have  already  partially  mentioned.  One  who 
works  upon  a  well-ascertained  foundation  may  readily  admit  an 
error;  he  loses,  by  so  doing,  nothing  more  than  that  in  which  he 
erred.  If,  however,  the  starting-point  has  been  placed  upon  a 
hypothesis,  which  either  appears  guaranteed  by  authority,  or  is  only 
chosen  because  it  agrees  with  that  which  it  is  wished  to  believe  true, 
any  crack  may  then  hopelessly  destroy  the  whole  fabric  of  conviction. 
The  convinced  disciples  must  therefore  claim  for  each  individual 
part  of  such  a  fabric  the  same  degree  of  infallibility;  for  the 
anatomy  of  Hippokrates  just  as  much  as  for  fever  crises;  every 
opponent  must  only  appear  then  as  stupid  or  depraved,  and  the  dis¬ 
pute  will  thus,  according  to  old  precedent,  be  so  much  the  more  pas¬ 
sionate  and  personal,  the  more  uncertain  is  the  basis  which  is  de¬ 
fended.  We  have  frequent  opportunities  of  confirming  these  general 
Hiles  in  the  schools  of  dogmatic  deductive  medicine.  They  turned 
their  intolerance  partly  against  each  other,  and  partly  against  the 
eclectics  who  found  various  explanations  for  various  forms  of  dis¬ 
ease.  This  method,  which  in  its  essence  is  completely  justified,  had, 
in  the  eyes  of  systematists,  the  defect  of  being  illogical.  And  yet 
the  greatest  physicians  and  observers,  Hippokrates  at  the  head. 
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Aretaeus,  Galen,  Sydenham,  and  Boerhaave,  had  become  eclectics, 
or  at  any  rate  very  lax  systematists. 

About  the  time  when  we  seniors  commenced  the  study  of  medi¬ 
cine,  it  was  still  under  the  influence  of  the  important  discoveries 
which  Albrecht  von  Haller  had  made  on  the  excitability  of  nerves; 
and  which  he  had  placed  in  connection  with  the  vitalistic  theory  of 
the  nature  of  life.  Haller  had  observed  the  excitability  in  the  nerves 
and  muscles  of  amputated  members.  The  most  surprising  thing  to 
him  was,  that  the  most  varied  external  actions,  mechanical,  chemical, 
thermal,  to  which  electrical  ones  were  subsequently  added,  had 
always  the  same  result;  namely,  that  they  produced  muscular  con¬ 
traction.  They  were  only  quantitatively  distinguished  as  regards 
their  action  on  the  organism,  that  is,  only  by  the  strength  of  the 
excitation;  he  designated  them  by  the  common  name  of  stimulus; 
he  called  the  altered  condition  of  the  nerve  the  excitation,  and  its 
capacity  of  responding  to  a  stimulus  the  excitability,  which  was  lost 
at  death.  This  entire  condition  of  things,  which  physically  speaking 
asserts  no  more  than  that  the  nerves,  as  concerns  the  changes  which 
take  place  in  them  after  excitation,  are  in  an  exceedingly  unstable 
state  of  equilibrium ;  this  was  looked  upon  as  the  fundamental  prop¬ 
erty  of  animal  life,  and  was  unhesitatingly  transferred  to  the  other 
organs  and  tissues  of  the  body,  for  which  there  was  no  similar  justi¬ 
fication.  It  was  believed  that  none  of  them  were  active  of  them¬ 
selves,  but  must  receive  an  impulse  by  a  stimulus  from  without ;  air 
and  nourishment  were  considered  to  be  the  normal  stimuli.  The 
kind  of  activity  seemed,  on  the  contrary,  to  be  conditioned  by  the 
specific  energy  of  the  organ,  under  the  influence  of  the  vital  force. 
Increase  or  diminution  of  the  excitability  was  the  category  under 
which  the  whole  of  the  acute  diseases  were  referred,  and  from  which 
indications  were  taken  as  to  whether  the  treatment  should  be  lower¬ 
ing  or  stimulating.  The  rigid  one-sidedness  and  the  unrelenting 
logic  with  which  Robert  Brown  had  once  worked  out  this  system 
was  broken,  but  it  always  furnished  the  leading  points  of  view. 

The  vital  force  had  formerly  lodged  as  ethereal  spirit,  as  a  Pneuma 
in  the  arteries ;  it  had  then  with  Paracelsus  acquired  the  form  of  an 
Archeus,  a  kind  of  useful  Kobold,  or  indwelling  alchymist,  and  had 
acquired  its  clearest  scientific  position  as  ‘  soul  of  life,’  anima  inscia. 
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in  Georg  Ernst  Stahl,  who,  in  the  first  half  of  the  last  century,  was 
professor  of  chemistry  and  pathology  in  Halle.  Stahl  had  a  clear 
and  acute  mind,  which  is  informing  and  stimulating,  from  the  way 
in  which  he  states  the  proper  question,  even  in  those  cases  in  which 
he  decides  against  our  present  views.  He  it  is  who  established  the 
first  comprehensive  system  of  chemistry,  that  of  phlogiston.  If  we 
translate  his  phlogiston  into  latent  heat,  the  theoretical  bases  of  his 
system  passed  essentially  into  the  system  of  Lavoisier ;  Stahl  did  not 
then  know  oxygen,  which  occasioned  some  false  hypotheses;  for 
instance,  on  the  negative  gravity  of  phlogiston.  Stahl’s  ‘  soul  of 
life  ’  is,  on  the  whole,  constructed  on  the  pattern  on  which  the 
pietistic  commimities  of  that  period  represented  to  themselves  the 
sinful  human  soul ;  it  is  subject  to  errors  and  passions,  to  sloth,  fear, 
impatience,  sorrow,  indiscretion,  despair.  The  physician  must  first 
appease  it,  or  then  incite  it,  or  punish  it,  and  compel  it  to  repent. 
And  the  way  in  which,  at  the  same  time,  he  established  the  necessity 
of  the  physical  and  vital  actions  was  well  thought  out.  The  soul  of 
life  governs  the  body,  and  only  acts  by  means  of  the  physico-chemical 
forces  of  the  substances  assimilated.  But  it  has  the  power  to  bind 
and  to  loose  these  forces,  to  allow  them  full  play  or  to  restrain  them. 
After  death  the  restrained  forces  become  free,  and  evoke  putrefac¬ 
tion  and  decomposition.  For  the  refutation  of  this  hypothesis  of 
binding  and  loosing,  it  was  necessary  to  discover  the  law  of  the  con¬ 
servation  of  force. 

The  second  half  of  the  previous  century  was  too  much  possessed 
by  the  principles  of  rationalism  to  recognise  openly  Stahl’s  ‘  soul  of 
life.’  It  was  presented  more  scientifically  as  vital  force.  Vis  vitcUis, 
while  in  the  main  it  retained  its  functions,  and  under  the  name  of 
‘  Nature’s  healing  power  ’  it  played  a  prominent  part  in  the  treatment 
of  diseases. 

The  doctrine  of  vital  force  entered  into  the  pathological  system  of 
changes  in  irritability.  The  attempt  was  made  to  separate  the  direct 
actions  of  the  virus  which  produce  disease,  in  so  far  as  they  depended 
on  the  play  of  blind  natural  forces,  the  symptomata  morbi,  from 
those  which  brought  on  the  reaction  of  vital  force,  the  symptomata 
reactionis.  The  latter  were  principally  seen  in  inflammation  and  in 
fever.  It  was  the  fimction  of  the  physician  to  observe  the  strength 
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of  this  reaction,  and  to  stimulate  or  moderate  it  according  to  circum¬ 
stances. 

The  treatment  of  fever  seemed  at  that  time  to  be  the  chief  point ; 
to  be  that  part  of  medicine  which  had  a  real  scientific  foundation, 
and  in  which  the  local  treatment  fell  comparatively  into  the  back¬ 
ground.  The  therapeutics  of  febrile  diseases  had  thereby  become 
very  monotonous,  although  the  means  indicated  by  theory  were  still 
abundantly  used,  and  especially  blood-letting,  which  since  that  time 
has  almost  been  entirely  abandoned.  Therapeutics  became  still  more 
impoverished  as  the  younger  and  more  critical  generation  grew  up, 
and  tested  the  assumptions  of  that  which  was  considered  to  be 
scientific.  Among  the  younger  generation  were  many  who,  in  de¬ 
spair  as  to  their  science,  had  almost  entirely  given  up  therapeutics, 
or  on  principle  had  grasped  at  an  empiricism  such  as  Rademacher 
then  taught,  which  regarded  any  expectation  of  a  scientific  explana¬ 
tion  as  a  vain  hope. 

What  we  learned  at  that  time  were  only  the  ruins  of  the  older 
dogmatism,  but  their  doubtful  features  soon  manifested  themselves. 

The  vitalistic  physician  considered  that  the  essential  part  of  the 
vital  processes  did  not  depend  upon  natural  forces,  which,  doing 
their  work  with  blind  necessity  and  according  to  a  fixed  law,  de¬ 
termined  the  result.  What  these  forces  could  do  appeared  quite 
subordinate,  and  scarcely  worthy  of  a  minute  study.  He  thought 
that  he  had  to  deal  with  a  soul-like  being,  to  which  a  thinker,  a 
philosopher,  and  an  intelligent  man  must  be  opposed.  May  I  eluci¬ 
date  this  by  a  few  outlines  ? 

At  this  time  auscultation  and  percussion  of  the  organs  of  the 
chest  were  being  regularly  practised  in  the  clinical  wards.  But  I  have 
often  heard  it  maintained  that  they  were  a  coarse  mechanical  means 
of  investigation  which  a  physician  with  a  clear  mental  vision  did  not 
need ;  and  it  indeed  lowered  and  debased  the  patient,  who  was  any¬ 
how  a  human  being,  by  treating  him  as  a  machine.  To  feel  the 
pulse  seemed  the  most  direct  method  of  learning  the  mode  of  action 
of  the  vital  force,  and  it  was  practised,  therefore,  as  by  far  the  most 
important  means  of  investigation.  To  count  with  a  repeater  was 
quite  usual,  but  seemed  to  the  old  gentlemen  as  a  method  not  quite 
in  good  taste.  There  was,  as  yet,  no  idea  of  measuring  temperature 
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in  cases  of  disease.  In  reference  to  the  ophthalmoscope,  a  celebrated 
surgical  colleague  said  to  me  that  he  would  never  use  the  instru¬ 
ment,  it  was  too  dangerous  to  admit  crude  light  into  diseased  eyes ; 
another  said  the  mirror  might  be  useful  for  physicians  with  bad 
eyes,  his,  however,  were  good,  and  he  did  not  need  it. 

A  professor  of  physiology  of  that  time,  celebrated  for  his  literary 
activity,  and  noted  as  an  orator  and  intelligent  man,  had  a  dispute 
on  the  images  in  the  eye  with  his  colleague  the  physicist.  The  latter 
challenged  the  physiologist  to  visit  him  and  witness  the  experiment. 
The  physiologist,  however,  refused  his  request  with  indignation; 
alleging. that  a  physiologist  had  nothing  to  do  with  experiments; 
they  were  of  no  good  but  for  the  physicist.  Another  aged  and 
learned  professor  of  therapeutics,  who  occupied  himself  much  with 
the  reorganisation  of  the  Universities,  was  urgent  with  me  to  divide 
physiology,  in  order  to  restore  the  good  old  time;  that  I  myself 
should  lecture  on  the  really  intellectual  part,  and  should  hand  over 
the  lower  experimental  part  to  a  colleague  whom  he  regarded  as  good 
enough  for  the  purpose.  He  quite  gave  me  up  when  I  said  that  I 
myself  considered  experiments  to  be  the  true  basis  of  science. 

I  mention  these  points,  which  I  myself  have  experienced,  to  eluci¬ 
date  the  feeling  of  the  older  schools,  and  indeed  of  the  most  illus¬ 
trious  representatives  of  medical  science,  in  reference  to  the  pro¬ 
gressive  set  of  ideas  of  the  natural  sciences ;  in  literature  these  ideas 
naturally  found  feebler  expression,  for  the  old  gentlemen  were  cau¬ 
tious  and  worldly  wise. 

You  will  understand  how  great  a  hindrance  to  progress  such  a 
feeling  on  the  part  of  influential  and  respected  men  must  have  been. 
The  medical  education  of  that  time  was  based  mainly  on  the  study  of 
books ;  there  were  still  lectures,  which  were  restricted  to  mere  dicta¬ 
tion  ;  for  experiments  and  demonstrations  in  the  laboratory  the  pro¬ 
vision  made  was  sometimes  good  and  sometimes  the  reverse;  there 
were  no  physiological  and  physical  laboratories  in  which  the  student 
himself  might  go  to  work.  Liebig’s  great  deed,  the  foundation  of 
the  chemical  laboratory,  was  complete,  as  far  as  chemistry  was  con¬ 
cerned,  but  his  example  had  not  been  imitated  elsewhere.  Yet  medi¬ 
cine  possessed  in  anatomical  dissection  a  great  means  of  education 
for  independent  observation,  which  is  wanting  in  the  other  faculties. 
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and  to  which  I  am  disposed  to  attach  great  weight.  Microscopic 
demonstrations  were  isolated  and  infrequent  in  the  lectures.  Micro¬ 
scopic  instruments  were  costly  and  scarce.  I  came  into  possession  of 
one  by  having  spent  my  autumn  vacation  in  1841  in  the  Charite, 
prostrated  by  typhoid  fever ;  as  pupil,  I  was  nursed  without  expense, 
and  on  my  recovery  I  found  myself  in  possession  of  the  savings  of 
my  small  resources.  The  instrument  was  not  beautiful,  yet  I  was 
able  to  recognise  by  its  means  the  prolongations  of  the  ganglionic 
cells  in  the  invertebrata,  which  I  described  in  my  dissertation,  and  to 
investigate  the  vibrions  in  my  research  on  putrefaction  and  fer¬ 
mentation. 

Any  of  my  fellow-students  who  wished  to  make  experiments  had 
to  do  so  at  the  cost  of  his  pocket-money.  One  thing  we  learned 
thereby,  which  the  younger  generation  does  not,  perhaps,  learn  so 
well  in  the  laboratories — that  is,  to  consider  in  all  directions  the 
ways  and  means  of  attaining  the  end,  and  to  exhaust  all  possibilities, 
in  the  consideration,  until  a  practicable  path  was  found.  We  had,  it 
is  true,  an  almost  uncultivated  held  before  us,  in  which  almost  every 
stroke  of  the  spade  might  produce  remimerative  results. 

It  was  one  man  more  especially  who  aroused  our  enthusiasm  for 
work  in  the  right  direction — that  is,  Johannes  Muller,  the  physi¬ 
ologist.  In  his  theoretical  views  he  favoured  the  vitalistic  hypothesis, 
but  in  the  most  essential  points  he  was  a  natural  philosopher,  hrm 
and  immovable;  for  him,  all  theories  were  but  hypotheses,  which 
had  to  be  tested  by  facts,  and  about  which  facts  could  alone  decide. 
Even  the  views  upon  those  points  which  most  easily  crystallise  into 
dogmas,  on  the  mode  of  activity  of  the  vital  force  and  the  activity 
of  the  conscious  soul,  he  tried  continually  to  define  more  precisely,  to 
prove  or  to  refute  by  means  of  facts. 

And,  although  the  art  of  anatomical  investigation  was  most 
familiar  to  him,  and  he  therefore  recurred  most  willingly  to  this, 
yet  he  worked  himself  into  the  chemical  and  physical  methods  which 
were  more  foreign  to  him.  He  furnished  the  proof  that  fibrine  is 
dissolved  in  blood ;  he  experimented  on  the  propagation  of  sound  in 
such  mechanisms  as  are  found  in  the  drum  of  the  ear;  he  treated 
the  action  of  the  eye  as  an  optician.  His  most  important  perform¬ 
ance  for  the  physiology  of  the  nervous  system,  as  well  as  for  the 
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theory  of  cognition,  was  the  actual  definite  establishment  of  the 
doctrine  of  the  specific  energies  of  the  nerves.  In  reference  to  the 
separation  of  the  nerves  of  motor  and  sensible  energy,  he  showed 
how  to  make  the  experimental  proof  of  Bell’s  law  of  the  roots  of  the 
spinal  cord  so  as  to  be  free  from  errors ;  and  in  regard  to  the  sensible 
energies  he  not  only  established  the  general  law,  but  carried  out  a 
great  number  of  separate  investigations,  to  eliminate  objections,  and 
to  refute  false  indications  and  evasions.  That  which  hitherto  had 
been  imagined  from  the  data  of  every-day  experience,  and  which  had 
been  sought  to  be  expressed  in  a  vague  manner,  in  which  the  true 
was  mixed  up  with  the  false ;  or  which  had  just  been  established  for 
individual  branches,  such  as  by  Dr.  Young  for  the  theory  of  colours, 
or  by  Sir  Charles  Bell  for  the  motor  nerves,  that  emerged  from 
Muller’s  hands  in  a  state  of  classical  perfection — sl  scientific  achieve¬ 
ment  whose  value  I  am  inclined  to  consider  as  equal  to  that  of  the 
discovery  of  the  law  of  gravitation. 

His  scientific  tendency,  and  more  especially  his  example,  were 
continued  in  his  pupils.  We  had  been  preceded  by  Schwann,  Henle, 
Reichert,  Peters,  Remak;  I  met  as  fellow-students  E.  Du  Bois- 
Reymond,  Virchow,  Brucke,  Ludwig,  Traube,  J.  Meyer,  Lieber- 
kiihn,  Hallmann ;  we  were  succeeded  by  A.  von  Graefe,  W.  Busch, 
Max  Schultze,  A.  Schneider. 

Microscopic  and  pathological  anatomy,  the  study  of  organic  types, 
physiology,  experimental  pathology  and  therapeutics,  ophthalmology, 
developed  themselves  in  Germany  under  the  influence  of  this  power¬ 
ful  impulse  far  beyond  the  standard  of  rival  adjacent  countries. 
This  was  helped  by  the  labours  of  those  of  similar  tendencies  among 
Muller’s  contemporaries,  among  whom  the  three  brothers  Weber  of 
Leipzig  must  first  of  all  be  mentioned,  who  have  built  solid  founda¬ 
tions  in  the  mechanism  of  the  circulation,  of  the  muscles,  of  the 
joints,  and  of  the  ear. 

The  attack  was  made  wherever  a  way  could  be  perceived  of  un¬ 
derstanding  one  of  the  vital  processes;  it  was  assumed  that  they 
could  be  understood,  and  success  justified  this  assumption.  A  deli¬ 
cate  and  copious  technical  apparatus  has  been  developed  in  the 
methods  of  microscopy,  of  physiological  chemistry,  and  of  vivisec¬ 
tion;  the  latter  greatly  facilitated  more  particularly  by  the  use  of 
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anaesthetic  ether  and  of  the  paralysing  curara,  by  which  a  number  of 
deep  problems  became  open  to  attack,  which  to  our  generation  seemed 
hopeless.  The  thermometer,  the  ophthalmoscope,  the  auricular 
speculum,  the  laryngoscope,  nervous  irritation  on  the  living  body, 
opened  out  to  the  physician  possibilities  of  delicate  and  yet  certain 
diagnosis  where  there  seemed  to  be  absolute  darkness.  The  con¬ 
tinually  increasing  number  of  proved  parasitical  organisms  substi¬ 
tute  tangible  objects  for  mystical  entities,  and  teach  the  surgeon  to 
forestall  the  fearfully  subtle  diseases  of  decomposition. 

But  do  not  think,  gentlemen,  that  the  struggle  is  at  an  end.  As 
long  as  there  are  people  of  such  astotmding  conceit  as  to  imagine 
that  they  can  effect,  by  a  few  clever  strokes,  that  which  man  can 
otherwise  only  hope  to  achieve  by  toilsome  labour,  hypotheses  will  be 
started  which,  propounded  as  dogmas,  at  once  promise  to  solve  all 
riddles.  And  as  long  as  there  are  people  who  believe  implicitly  in 
that  which  they  wish  to  be  true,  so  long  will  the  hypotheses  of  the 
former  find  credence.  Both  classes  will  certainly  not  die  out,  and  to 
the  latter  the  majority  will  always  belong. 

There  are  two  characteristics  more  particularly  which  metaphysi¬ 
cal  systems  have  always  possessed.  In  the  first  place  man  is  always 
desirous  of  feeling  himself  to  be  a  being  of  a  higher  order,  far  be¬ 
yond  the  standard  of  the  rest  of  nature ;  this  wish  is  satisfied  by  the 
spiritualists.  On  the  other  hand,  he  would  like  to  believe  that  by  his 
thought  he  was  unrestrained  lord  of  the  world,  and  of  course  by  his 
thinking  with  those  conceptions,  to  the  development  of  which  he  has 
attained ;  this  is  attempted  to  be  satisfied  by  the  materialists. 

But  one  who,  like  the  physician,  has  actively  to  face  natural  forces 
which  bring  about  weal  or  woe,  is  also  under  the  obligation  of  seek¬ 
ing  for  a  knowledge  of  the  truth,  and  of  the  truth  only ;  without  con¬ 
sidering  whether,  what  he  finds,  is  pleasant  in  one  way  or  the  other. 
His  aim  is  one  which  is  firmly  settled ;  for  him  the  success  of  facts  is 
alone  finally  decisive.  He  must  endeavour  to  ascertain  beforehand, 
what  will  be  the  result  of  his  attack  if  he  pursues  this  or  that  course. 
In  order  to  acquire  this  foreknowledge  of  what  is  coming,  but  of 
what  has  not  been  settled  by  observations,  no  other  method  is  possi¬ 
ble  than  that  of  endeavouring  to  arrive  at  the  laws  of  facts  by  obser¬ 
vations;  and  we  can  only  learn  them  by  induction,  by  the  careful 
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selection,  collation,  and  observation  of  those  cases  which  fall  under 
the  law.  When  we  fancy  that  we  have  arrived  at  a  law,  the  business 
of  deduction  commences.  It  is  then  our  duty  to  develop  the  conse¬ 
quences  of  our  law  as  completely  as  may  be,  but  in  the  first  place 
only  to  apply  to  them  the  test  of  experience,  so  far  as  they  can  be 
tested,  and  then  to  decide  by  this  test  whether  the  law  holds,  and  to 
what  extent.  This  is  a  test  which  really  never  ceases.  The  true 
natural  philosopher  reflects  at  each  new  phenomenon,  whether  the 
best  established  laws  of  the  best  known  forces  may  not  experience  a 
change ;  it  can  of  course  only  be  a  question  of  a  change  which  does 
not  contradict  the  whole  store  of  our  previously  collected  experiences. 

It  never  thus  attains  unconditional  truth,  but  such  a  high  degree  of 
probability  that  it  is  practically  equal  to  certainty.  The  metaphysi¬ 
cians  may  amuse  themselves  at  this;  we  will  take  their  mocking  to 
heart  when  they  are  in  a  position  to  do  better,  or  even  as  well.  The 
old  words  of  Socrates,  the  prime  minister  of  inductive  definitions, 
in  reference  to  them  are  just  as  fresh  as  they  were  2,000  years  ago: 

‘  They  imagined  they  knew  what  they  did  not  know,  and  he  at  any 
rate  had  the  advantage  of  not  pretending  to  know  what  he  did  not 
know.’  And  again,  he  was  surprised  at  its  not  being  clear  to  them 
that  it  is  not  possible  for  men  to  discover  such  things;  since  even 
those  who  most  prided  themselves  on  the  speeches  made  on  the  mat¬ 
ter,  did  not  agree  among  themselves,  but  behaved  to  each  other  like 
madmen  (rots  /muvo/mvmc  6fu>iw),^  Socrates  calls  them  tow  luyurrov 
<l>povovvTm.  Schopenhauer  *  calls  himself  a  Mont  Blanc,  by  the  side 
of  a  mole-heap,  when  he  compares  himself  with  a  natural  philoso¬ 
pher.  The  pupils  admire  these  big  words  and  try  to  imitate  the 
master. 

In  speaking  against  the  empty  manufacture  of  hypotheses,  do  not 
by  any  means  suppose  that  I  wish  to  diminish  the  real  value  of 
original  thoughts.  The  first  discovery  of  a  new  law,  is  the  discov¬ 
ery  of  a  similarity  which  has  hitherto  been  concealed  in  the  course 
of  natural  processes.  It  is  a  manifestation  of  that  which  our  fore¬ 
fathers  in  a  serious  sense  described  as  ‘  wit  ’ ;  it  is  of  the  same 

‘Xenophon,  Memorabil.  I.  i.  11. 

*  Arthur  Schopenhauer,  Von  ihm,  iiber  ihn  von  Frauenstadt  und  Lindner.  Ber¬ 
lin,  1863,  p.  653. 
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quality  as  the  highest  performances  of  artistic  perception  in  the  dis¬ 
covery  of  new  types  of  expression.  It  is  something  which  cannot 
be  forced,  and  which  cannot  be  acquired  by  any  known  method. 
Hence  all  those  aspire  after  it  who  wish  to  pass  as  the  favoured 
children  of  genius.  It  seems,  too,  so  easy,  so  free  from  trouble,  to 
get  by  sudden  mental  flashes  an  unattainable  advantage  over  our  con¬ 
temporaries.  The  true  artist  and  the  true  inquirer  knows  that  great 
works  can  only  be  produced  by  hard  work.  The  proof  that  the  ideas 
formed  do  not  merely  scrape  together  superficial  resemblances,  but 
are  produced  by  a  quick  glance  into  the  connection  of  the  whole,  can 
only  be  acquired  when  these  ideas  are  completely  developed — that  is, 
for  a  newly  discovered  natural  law,  only  by  its  agreement  with  facts. 
This  estimate  must  by  no  means  be  regarded  as  depending  on  ex¬ 
ternal  success,  but  the  success  is  here  closely  connected  with  the  depth 
and  completeness  of  the  preliminary  perceptions. 

To  find  superficial  resemblances  is  easy;  it  is  amusing  in  society, 
and  witty  thoughts  soon  procure  for  their  author  the  name  of  a 
clever  man.  Among  the  great  number  of  such  ideas,  there  must  be 
some  which  are  ultimately  found  to  be  partially  or  wholly  correct; 
it  would  be  a  stroke  of  skill  always  to  guess  falsely.  In  such  a 
happy  chance  a  man  can  loudly  claim  his  priority  for  the  discovery ; 
if  otherwise,  a  lucky  oblivion  conceals  the  false  conclusions.  The 
adherents  of  such  a  process  are  glad  to  certify  the  value  of  a  first 
thought.  Conscientious  workers  who  are  shy  at  bringing  their 
thoughts  before  the  public  before  they  have  tested  them  in  all  direc¬ 
tions,  solved  all  doubts,  and  have  firmly  established  the  proof,  these 
are  at  a  decided  disadvantage.  To  settle  the  present  kind  of  ques¬ 
tions  of  priority,  only  by  the  date  of  their  first  publication,  and  with¬ 
out  considering  the  ripeness  of  the  research,  has  seriously  favoured 
this  mischief. 

In  the  ‘  type  case  ’  of  the  printer  all  the  wisdom  of  the  world  is 
contained  which  has  been  or  can  be  discovered ;  it  is  only  requisite  to 
know  how  the  letters  are  to  be  arranged.  So  also,  in  the  hundreds 
of  books  and  pamphlets  which  are  every  year  published  about  ether, 
the  structure  of  atoms,  the  theory  of  perception,  as  well  as  on  the 
nature  of  the  asthenic  fever  and  carcinoma,  all  the  most  refined 
shades  of  possible  hypotheses  are  exhausted,  and  among  these  there 
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must  necessarily  be  many  fragments  of  the  correct  theory.  But  who 
knows  how  to  find  them? 

I  insist  upon  this  in  order  to  make  clear  to  you  that  all  this  litera¬ 
ture,  of  untried  and  unconfirmed  hypotheses,  has  no  value  in  the 
progress  of  science.  On  the  contrary,  the  few  sound  ideas  which 
they  may  contain  are  concealed  by  the  rubbish  of  the  rest;  and  one 
who  wants  to  publish  something  really  new — facts — sees  himself 
open  to  the  danger  of  countless  claims  of  priority,  unless  he  is  pre¬ 
pared  to  waste  time  and  power  in  reading  beforehand  a  quantity  of 
absolutely  useless  books,  and  to  destroy  his  readers’  patience  by  a 
multitude  of  useless  quotations. 

Our  generation  has  had  to  suffer  under  the  tyranny  of  spiritual¬ 
istic  metaphysics ;  the  newer  generation  will  probably  have  to  guard 
against  that  of  the  materialistic  hypotheses.  Kant’s  rejection  of  the 
claims  of  pure  thought  has  gradually  made  some  impression,  but 
Kant  allowed  one  way  of  escape.  It  was  as  clear  to  him  as  to 
Socrates  that  all  metaphysical  systems  which  up  to  that  time  had 
been  propounded  were  tissues  of  false  conclusions.  His  Kritik  der 
reinen  Vernunft  is  a  continual  sermon  against  the  use  of  the  cate¬ 
gory  of  thought  beyond  the  limits  of  possible  experience.  But 
geometry  seemed  to  him  to  do  something  which  metaphysics  was 
striving  after ;  and  hence  geometrical  axioms,  which  he  looked  upon 
as  d  priori  principles  antecedent  to  all  experience,  he  held  to  be  given 
by  transcendental  intuition,  or  as  the  inherent  form  of  all  external 
intuition.  Since  that  time,  pure  d  priori  intuition  has  been  the 
anchoring-ground  of  metaphysicians.  It  is  even  more  convenient 
than  pure  thought,  because  everything  can  be  heaped  on  it  without 
going  into  chains  of  reasoning,  which  might  be  capable  of  proof  or 
of  refutation.  The  nativistic  theory  of  perception  of  the  senses  is 
the  expression  of  this  theory  in  physiology.  All  mathematicians 
united  to  fight  against  any  attempt  to  resolve  the  intuitions  into 
their  natural  elements;  whether  the  so-called  pure  or  the  empirical, 
the  axioms  of  geometry,  the  principles  of  mechanics,  or  the  percep¬ 
tions  of  vision.  For  this  reason,  therefore,  the  mathematical  investi¬ 
gations  of  Lobatschewsky,  Gauss,  and  Riemann  on  the  alterations 
which  are  logically  possible  in  the  axioms  of  geometry;  and  the 
pr<x)f  that  the  axioms  are  principles  which  are  to  be  confirmed  or 
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perhaps  even  refuted  by  experience,  and  can  accordingly  be  acquired 
from  experience — ^these  I  consider  to  be  very  important  steps.  That 
all  metaphysical  sects  get  into  a  rage  about  this  must  not  lead  you 
astray,  for  these  investigations  lay  the  axe  at  the  bases  of  apparently 
the  firmest  supports  which  their  claims  still  possess.  Against  those 
investigators  who  endeavour  to  eliminate  from  among  the  percep¬ 
tions  of  the  senses,  whatever  there  may  be  of  the  actions  of  memory, 
and  of  the  repetition  of  similar  impressions,  which  occur  in  memory; 
whatever,  in  short,  is  a  matter  of  experience,  against  them  it  is  at¬ 
tempted  to  raise  a  party  cry  that  they  are  spiritualists.  As  if  memory, 
experience,  and  custom  were  not  also  facts,  whose  laws  are  to  be 
sought,  and  which  are  not  to  be  explained  away  because  they  cannot 
be  glibly  referred  to  reflex  actions,  and  to  the  complex  of  the  pro¬ 
longation  of  ganglionic  cells,  and  of  the  connection  of  nerve-fibres 
in  the  brain. 

Indeed,  however  self-evident,  and  however  important  the  princi¬ 
ple  may  appear  to  be,  that  natural  science  has  to  seek  for  the  laws 
of  facts,  this  principle  is  nevertheless  often  forgotten.  In  recognis¬ 
ing  the  law  found,  as  a  force  which  rules  the  processes  in  nature, 
we  conceive  it  objectively  as  a  force,  and  such  a  reference  of  indi¬ 
vidual  cases  to  a  force  which  under  given  conditions  produces  a 
definite  result,  that  we  designate  as  a  causal  explanation  of  phe¬ 
nomena.  We  cannot  always  refer  to  the  forces  of  atoms ;  we  speak 
of  a  refractive  force,  of  electromotive  and  of  electrodynamic  force. 
But  do  not  forget  the  given  conditions  and  the  given  restdt.  If  these 
cannot  be  given,  the  explanation  attempted  is  merely  a  modest  con¬ 
fession  of  ignorance,  and  then  it  is  decidedly  better  to  confess  this 
openly. 

If  any  process  in  vegetation  is  referred  to  forces  in  the  cells,  with¬ 
out  a  closer  definition  of  the  conditions  among  which,  and  of  the 
direction  in  which,  they  work,  this  can  at  most  assert  that  the  more 
remote  parts  of  the  organism  are  without  influence ;  but  it  would  be 
difficult  to  confirm  this  with  certainty  in  more  than  a  few  cases.  In 
like  manner,  the  originally  definite  sense  which  Johannes  Muller 
gave  to  the  idea  of  reflex  action,  is  gradually  evaporated  into  this, 
that  when  an  impression  has  been  made  on  any  part  of  the  nervous 
system,  and  an  action  occurs  in  any  other  part,  this  is  supposed  to 
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have  been  explained  by  saying  that  it  is  a  reflex  action.  Much  may 
be  imposed  upon  the  irresolvable  complexity  of  the  nerve-fibres  of 
the  brain.  But  the  resemblance  to  the  qualitates  occtdtce  of  ancient 
medicine  is  very  suspicious. 

From  the  entire  chain  of  my  argument  it  follows  that  what  I  have 
said  against  metaphysics  is  not  intended  against  philosophy.  But 
metaphysicians  have  always  tried  to  plume  themselves  on  being  philo¬ 
sophers,  and  philosophical  amateurs  have  mostly  taken  an  interest  in 
the  high-flying  speculations  of  the  metaphysicians,  by  which  they 
hope  in  a  short  time,  and  at  no  great  trouble,  to  learn  the  whole  of 
what  is  worth  knowing.  On  another  occasion  *  I  compared  the  rela¬ 
tionship  of  metaphysics  to  philosophy  with  that  of  astrology  to 
astronomy.  The  former  had  the  most  exciting  interest  for  the  pub¬ 
lic  at  large,  and  especially  for  the  fashionable  world,  and  turned  its 
alleged  connoisseurs  into  influential  persons.  Astronomy,  on  the 
contrary,  although  it  had  become  the  ideal  of  scientific  research,  had 
to  be  content  with  a  small  number  of  quietly  working  disciples. 

In  like  manner,  philosophy,  if  it  gives  up  metaphysics,  still  pos¬ 
sesses  a  wide  and  important  field,  the  knowledge  of  mental  and 
spiritual  processes  and  their  laws.  Just  as  the  anatomist,  when  he 
has  reached  the  limits  of  microscopic  vision,  must  try  to  gain  an  in¬ 
sight  into  the  action  of  his  optical  instrument,  in  like  manner  every 
scientific  enquirer  must  study  minutely  the  chief  instrument  of  his 
research  as  to  its  capabilities.  The  groping  of  the  medical  schools 
for  the  last  two  thousand  years  is,  among  other  things,  an  illustration 
of  the  harm  of  erroneous  views  in  this  respect.  And  the  physician, 
the  statesman,  the  jurist,  the  clergyman,  and  the  teacher,  ought  to 
be  able  to  build  upon  a  knowledge  of  physical  processes  if  they  wish 
to  acquire  a  true  scientific  basis  for  their  practical  activity.  But  the 
true  science  of  philosophy  has  had,  perhaps,  to  suffer  more  from  the 
evil  mental  habits  and  the  false  ideals  of  metaphysics  than  even 
medicine  itself. 

One  word  of  warning.  I  should  not  like  you  to  think  that  my 
statements  are  influenced  by  personal  irritation.  I  need  not  explain 
that  one  who  has  such  opinions  as  I  have  laid  before  you,  who  im- 
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presses  on  his  pupils,  whenever  he  can,  the  principle  that  ‘  a  meta¬ 
physical  conclusion  is  either  a  false  conclusion  or  a  concealed  experi¬ 
mental  conclusion,’  that  he  is  not  exactly  beloved  by  the  votaries  of 
metaphysics  or  of  intuitive  conceptions.  Metaphysicians,  like  all 
those  who  cannot  give  any  decisive  reasons  to  their  opponents,  are 
usually  not  very  polite  in  their  controversy;  one’s  own  success  may 
approximately  be  estimated  from  the  increasing  want  of  politeness 
in  the  replies. 

My  own  researches  have  led  me  more  than  other  disciples  of  the 
school  of  natural  science  into  controversial  regions ;  and  the  expres¬ 
sions  of  metaphysical  discontent  have  perhaps  concerned  me  even 
more  than  my  friends,  as  many  of  you  are  doubtless  aware. 

In  order,  therefore,  to  leave  my  own  personal  opinions  quite  on 
one  side,  I  have  allowed  two  unsuspected  warrantors  to  speak  for 
me — Socrates  and  Kant — both  of  whom  were  certain  that  all  meta¬ 
physical  systems  established  up  to  their  time  were  full  of  empty  false 
conclusions,  and  who  guarded  themselves  against  adding  any  new 
ones.  In  order  to  show  that  the  matter  has  not  changed,  either  in 
the  last  2,000  years  or  in  the  last  100  years,  let  me  conclude  with  a 
sentence  of  one  who  was  unfortunately  too  soon  taken  away  from 
us,  Frederick  Albert  Lange,  the  author  of  the  ‘  History  of  Material¬ 
ism.’  In  his  posthumous  ‘  Logical  Studies,’  which  he  wrote  in  an¬ 
ticipation  of  his  approaching  end,  he  gives  the  following  picture, 
which  struck  me  because  it  would  hold  just  as  well  in  reference  to 
solidar  or  humoral  pathologists,  or  any  other  of  the  old  dogmatic 
schools  of  medicine. 

Lange  says :  The  Hegelian  ascribes  to  the  Herbartian  a  less  per¬ 
fect  knowledge  than  to  himself,  and  conversely ;  but  neither  hesitates 
to  consider  the  knowledge  of  the  other  to  be  higher  compared  with 
that  of  the  empiricist,  and  to  recognise  in  it  at  any  rate  an  approxi¬ 
mation  to  the  only  true  knowledge.  It  is  seen,  also,  that  here  no 
regard  is  paid  to  the  validity  of  the  proof,  and  that  a  mere  statement 
in  the  form  of  a  deduction  from  the  entirety  of  a  system  is  recog¬ 
nised  as  ‘  apodictic  knowledge.’ 

Let  us,  then,  throw  no  stones  at  our  old  medical  predecessors,  who 
in  dark  ages,  and  with  but  slight  preliminary  knowledge,  fell  into 
precisely  the  same  errors  as  the  great  intelligences  of  what  wishes  to 
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be  thought  the  illuminated  nineteenth  century.  They  did  no  worse 
than  their  predecessors  except  that  the  nonsense  of  their  method  was 
more  prominent  in  the  matter  of  natural  science.  Let  us  work  on. 
In  this  work  of  true  intelligence  physicians  are  called  upon  to  play  a 
prominent  part.  Among  those  who  are  continually  called  upon 
actively  to  preserve  and  apply  their  knowledge  of  nature,  you  are 
those  who  begin  with  the  best  mental  preparation,  and  are  acquainted 
with  the  most  varied  regions  of  natural  phenomena. 

In  order,  finally,  to  conclude  our  consultation  on  the  condition  of 
Dame  Medicine  correctly  with  the  epikrisis,  I  think  we  have  every 
reason  to  be  content  with  the  success  of  the  treatment  which  the 
school  of  natural  science  has  applied,  and  we  can  only  recommend 
the  younger  generation  to  continue  the  same  therapeutics. 
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